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Abstract

Objectives: This study aims to investigate the diagnostic value of heparin-binding
protein (HBP) in sepsis and develop a sepsis diagnostic model incorporating HBP with
key biomarkers and disease-related scores for an early, rapid, and accurate diagnosis of
sepsis.

Design: Retrospective cohort study.

Setting: A comprehensive teaching tertiary hospital in China.

Participants: Adult patients (age=18years) who had tested HBP in intensive care unit
(ICU).

Main outcome measures: HBP, C-reactive protein (CRP), procalcitonin (PCT), white
blood cell count (WBC), interleukin-6 (IL-6), lactate (LAC), acute physiology and
chronic health evaluation II (APACHE II) and sequential organ failure assessment
(SOFA) score were recorded.

Results: From March 2019 and December 2021, 326 patients were enrolled in this
study. The patients were categorized into the non-infection group (control group),
infection group, sepsis group, and septic shock group as per the Sepsis-3 criteria. The
levels of HBP in the sepsis group and septic shock group were 45.7 and 69.0 ng/mL,
significantly higher than those in the control group and infection group, 18.0 and 24.0
ng/mL, respectively (p < 0.001). The AUC value of HBP for diagnosing sepsis was
0.733, which was lower than those corresponding to PCT, CRP, and SOFA, but higher
than those of IL-6, LAC, and APACHE II. Multivariate binary logistic regression
analysis identified HBP, PCT, CRP, IL-6, and SOFA as valuable indicators for
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diagnosing sepsis. A sepsis diagnostic model was constructed based on these indicators,
whose AUC was 0.901, with a sensitivity of 79.7% and specificity of 86.9%.

Conclusions: HBP could serve as a biomarker for early diagnosis of sepsis. Compared
with single indicators, the sepsis diagnostic model constructed with HBP, PCT, CRP,

IL-6, and SOFA further enhanced the diagnostic performance of sepsis.

Strengths and limitations of this study: This study included a highly heterogeneous
population, making it highly applicable to sepsis patients in ICU. Moreover, most of
the biomarkers included in this diagnostic model were widely used in clinical practice,
making them easily obtainable, highly reproducible, and operationally feasible. HBP
could serve as a biomarker for early diagnosis of sepsis, sepsis diagnostic model
constructed with HBP and other biomarkers further enhanced the diagnostic
performance of sepsis. This study was an ICU single-center retrospective research, the
results might not be applicable to sepsis patients in the emergency department or

general wards.

Keywords: HBP, Sepsis, Diagnostic model
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Background

Sepsis is life-threatening organ dysfunction caused by a dysregulated host
response to infection. Sepsis, when accompanied by severe circulatory impairment and
cellular metabolic disorders, is referred to as septic shock, which is the leading cause
of death in septic patients [!l. With the worsening of aging and various factors leading
to an increasing number of immunocompromised hosts, the incidence of sepsis has been
rising every year. The Global Burden of Sepsis study published in 2020 reported 48.9
million cases of sepsis worldwide in 2017, with 11 million deaths attributed to sepsis,
accounting for 19.7% of global deaths [?l. Another domestic study showed that the
incidence of sepsis in the intensive care unit (ICU) was 20.6%, with a 90-day mortality
rate of 35.5%, and the mortality rate for septic shock was as high as 50% or more B!,
Kumar et al. demenstrated that the mortality rate of septic shock was correlated with
hypotension and delayed use of antibiotics [l. Another study indicated that early fluid
resuscitation was closely related to the prognosis of patients with sepsis [°1. Therefore,
early diagnosis of sepsis and timely appropriate treatment are crucial for sepsis
management.

Early diagnosis and identification of sepsis require a comprehensive approach
based on the patient’s clinical symptoms, conventional cultures, biomarkers, and
disease-specific scoring systems. However, clinical symptoms and signs of sepsis are
often nonspecific, and conventional pathogen culture is relatively lagging behind [©!,
Therefore, early diagnosis of sepsis in the ICU largely relies on biomarkers and disease-
specific scoring systems. Currently, there are over 200 sepsis-related biomarkers
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reported in the literature, among which heparin-binding protein (HBP) is a novel
biomarker 7. HBP is a serine protease-like protein secreted by neutrophils after
infection and has functions such as altering endothelial cell permeability, antimicrobial
activity, chemotaxis, and regulation of cell apoptosis [8l. It has been identified as an
early diagnostic indicator for severe sepsis/septic shock in Chinese Guidelines for the
Management of Severe Sepsis/Septic Shock (2014) I and Chinese Expert Consensus
on Early Prevention and Interruption of Sepsis in Emergency Medicine (2020) 1%, In
addition, an increasing number of studies have furnished evidence regarding the use of
HBP for diagnosing sepsis in recent years. Studies have demonstrated that HBP can be
used for sepsis diagnosis and monitoring the severity [3 1. 121, On the other hand, a few
studies have indicated that elevated levels of HBP irrespective of infectious etiology
and no correlation with severity and outcome [13l. Furthermore, differences and
inconsistencies have been noted among various studies in regard to the diagnostic
performance of HBP for sepsis 4. Therefore, HBP has not been widely applied in
clinical practice for sepsis diagnosis. The aim of this study was to explore the early
diagnostic value of HBP in sepsis and to develop a sepsis diagnostic model combining
HBP with multiple biomarkers and disease-specific scoring systems in order to

facilitate early identification and diagnosis of sepsis.

Methods
Study Population

Data were collected retrospectively from patients admitted to the ICU of the First

5
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Affiliated Hospital of Sun Yat-sen University, China, from March 2019 to December
2021. The inclusion criteria were as follows: (1) HBP had been tested, (2) The clinical
data were complete, and (3) age over 18 years. The exclusion criteria were as follows:
(1) Patients with neutropenia due to hematological malignancies, and (2) patients who
underwent immunosuppressive therapy. Patients were classified into four groups,
namely, the infection group, sepsis group, septic shock group, and control group in
accordance with the Sepsis-3 criteria ['3], The protocols were approved by the Ethics
Committee of the First Affiliated Hospital of Sun Yat-sen University and conducted in

accordance with the Declaration of Helsinki.

Measurement Indicators and Methods

Blood samples of enrolled patients were retrieved from the freezer. After gradual
thawing, the samples were centrifuged at 1,000 rounds/min for 10 min, and 100 pL of
supernatants were collected for plasma level of HBP determination using an
immunofluorescence dry quantitative method (Jet-iStar3000, Hangzhou, Joinstar
Biomedical Technology Co,.LTD). The procedure strictly followed the instructions
provided with the reagent kit, and regular quality control was performed.

General information such as gender, age, underlying diseases, site of infection,
and pathogens was recorded for each group of patients. General vital signs including
body temperature, heart rate, blood pressure, respiratory rate, peripheral oxygen
saturation (SpO;), and urine output were collected. Infection biomarkers such as
procalcitonin (PCT), white blood cell count (WBC), C-reactive protein (CRP),
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interleukin-6 (IL-6), and blood lactate (LAC) were measured. Laboratory indicators
such as blood biochemistry, liver enzymes, liver function, coagulation function, and
platelet count were evaluated. Organ function indicators such as Glasgow Coma Scale
(GCS) score, respiratory support measures, oxygenation index, and vasopressor use
were documented. Medication use including albumin and heparin, as well as
interventions such as continuous renal replacement therapy (CRRT) and extracorporeal
membrane oxygenation (ECMO), were recorded. Acute Physiology and Chronic Health
Evaluation II (APACHE II) score and Sequential Organ Failure Assessment (SOFA)
score were calculated within 24 h of ICU admission. The length of ICU and survival
outcomes (3-day improvement rate, 28-day mortality rate) were also recorded for each

group of patients.

Statistical Methods

For baseline measurement data, median and interquartile range (IQR) were used
to describe the data. If continuous variables followed a normal distribution, one-way
ANOVA was used for intergroup comparisons; otherwise, the Kruskal-Wallis H test
was used. Percentage calculations were performed for categorical data, and differences
between groups were tested using the chi-square test or Fisher’s exact test.

Receiver operating characteristic (ROC) curves were used to assess the diagnostic
performance of HBP, PCT, WBC, CRP, IL-6, LAC, APACHE II score, and SOFA
score for sepsis. The area under the ROC curve (AUC) was also estimated. The optimal
cut-off values for diagnosing sepsis were determined based on the maximum Youden
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index, and corresponding sensitivity, specificity, positive predictive value (PPV), and
negative predictive value (NPV) were calculated.

To improve the diagnostic performance of sepsis, a multivariate binary logistic
regression model was constructed. Random selection of 70% of all patients was used
as the training set, while the remaining 30% served as the test set to assess the model’s
performance. AUC was calculated for both the training and test sets. The Hosmer—
Lemeshow goodness-of-fit test and calibration curve were used to evaluate the model’s
goodness-of-fit for both datasets. Decision curves were also plotted to evaluate the
clinical utility of the regression model. All hypothesis tests were two-tailed, and a
significance level of P <0.050 was set. Statistical analysis was performed using R 4.1.1

and SPSS 25.0.

Results
Characteristics of the patients

Table 1 encapsulates the baseline characteristics of the patients. A total of 326
patients were enrolled in this study, including 93 in the control group, 94 in the infection
group, 53 in the sepsis group, and 86 in the septic shock group. The median ages of
patients in the control group, infection group, sepsis group, and septic shock group were
56, 63, 58, and 64 years, respectively, with statistically significant differences among
the groups (p = 0.023). No significant differences were noted among the groups in terms
of gender, prevalence of hypertension, diabetes, heart disease, malignancy, liver disease,
and other comorbidities.
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In the control group, the patients were undergoing postoperative recovery. For
patients in the infection group, the respiratory tract infection was the predominant
source of infection (48.9%), followed by abdominal infection (33.0%) and skin and soft
tissue infection (17.0%). In the sepsis group and septic shock group, the proportions of
abdominal infections (56.6%, 73.3%) and bloodstream infections (15.1%, 18.6%) were
significantly higher than those in the infection group (33.0%, 4.3%). The proportions
of multiple-site infection of the sepsis group and septic shock group (28.3%, 30.2%)
were significantly higher than those in the infection group (8.6%).

Among all enrolled patients, blood cultures were obtained from 206 patients, with
32 reporting positive results. Abdominal drainage cultures were obtained from 149
patients, with 76 reporting positive results. Sputum cultures were obtained from 122
patients, with 90 reporting positive results. Urine cultures and cerebrospinal fluid
cultures were obtained from 98 patients, with 35 reporting positive results. In terms of
pathogens, the positivity rates of Escherichia coli, Enterococcus species, fungi,
Klebsiella species, and Pseudomonas aeruginosa were significantly higher in sepsis
and septic shock patients compared with the infection group. Among them, septic shock
patients had higher positivity rates, with 38 cases (44.1%) of fungi, 24 cases (27.9%)
of Escherichia coli, 19 cases (22.1%) of Enterococcus species, and 14 cases (16.3%)
of Klebsiella species.

The APACHE II and SOFA scores in the sepsis and septic shock groups were
significantly higher than those in the control and infection groups. The median length
of ICU stay in the control group, infection group, sepsis group, and septic shock group

9
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were 2, 5, 6, and 8 days, respectively, with statistically significant differences (p <
0.001). In terms of survival analysis, the patients in the control group had the highest
3-day improvement rate and the lowest 28-day overall mortality rate, and the primary
causes of death in three patients were hemorrhagic shock or cardiogenic shock. The
patients in the septic shock group had the lowest 3-day improvement rate and the
highest 28-day overall mortality rate, with all deaths attributed to septic shock. Among
the 28 patients who succumbed to septic shock, 20 cases were due to abdominal

infection.

Levels of HBP and other biomarkers in each group of patients

The median (IQR) levels of HBP in the control, infection, sepsis, and septic shock
groups were 18.0 (9.9-32.1), 24.0 (14.1-56.4), 45.7 (24.8-107.9), and 69.0 (33.8-150.9)
ng/mL, respectively (p < 0.001). HBP was capable of effectively distinguishing
between patients with and without infection or sepsis, and its efficacy was superior to
IL-6, LAC, and WBC. However, in distinguishing septic patients with or without shock,
HBP was inferior to PCT, IL-6, and LAC. Additionally, there were no statistical
differences were noted in WBC levels among the groups (Figure 1).

When comparing HBP levels among different infection sites in the infection,
sepsis, and septic shock groups, statistical differences were observed among the
subgroups except for multi-infection site (Supplementary Table 1). As the severity of
infection increased, APACHE II and SOFA scores gradually increased, showing
statistical differences. However, no statistical difference was observed when comparing
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the infection group with the sepsis group (Figure 1).

Analysis of the diagnostic accuracy of different biomarkers for sepsis

HBP demonstrated promising diagnostic performance for early detection of sepsis,
with an AUC of 0.733 (95% CI, 0.678-0.789), which was higher than AUCs
corresponding to IL-6, LAC, and APACHE II scores (AUCs of 0.658, 0.632, and 0.688,
respectively), but lower than PCT, CRP, and SOFA scores (AUCs of 0.812, 0.775, and
0.801, respectively). When the HBP cut-off value was set at 35.2 ng/mL, the sensitivity
and specificity for diagnosing sepsis were 65.5% and 74.9%, respectively (Table 2,

Supplementary Figure 1).

Relationship between HBP and other biomarkers
No significant correlation was observed between HBP levels and CRP, PCT, WBC,

IL-6, LAC, APACHE II scores, and SOFA scores (Supplementary Figure 2).

Sepsis diagnostic model and test

Based on the training set, variables were selected through univariate regression
analysis for patient demographics (such as gender, age, underlying diseases, infection
sites, and pathogens), infection biomarkers (HBP, PCT, WBC, CRP, IL-6, and LAC),
APACHE 1I scores, and SOFA scores. Variables with statistical significance were
included in the multivariate regression model (Supplementary Table 2). Furthermore,
insignificant variables were removed from the multivariate model to streamline the
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predictive model. The final results of the regression model were shown in Figure 2.

To evaluate the predictive performance of the model, the remaining 30% of
patients were used as a test set to validate the model. In the training set, the model
achieved an AUC of 0.901 (95% CI, 0.863—0.940). When the Youden index was
maximized, the cut-off value was determined to be 0.439, resulting in a sensitivity of
79.4% and a specificity of 86.5%. In the test set population, the model obtained an AUC
0f0.913 (95% CI, 0.860—0.966). Applying the cut-off value obtained from the training
set to the test set, the sensitivity and specificity were 80.5% and 87.7%, respectivly
(Figure 3). Furthermore, to obtain a more accurate cut-off value, all patients were
included in the diagnostic model, resulting in a cut-off value of 0.439. The sensitivity
and specificity for diagnosing sepsis with this cut-off value were 79.7% and 86.9%,
respectively.

The diagnostic model constructed using the training set exhibited a good
predictive performance based on the Hosmer—Lemeshow goodness-of-fit test in both
the training and test sets (y2 = 4.91, p = 0.767; x> = 5.12, p = 0.745; Supplementary
Figure 3) Additionally, the decision curve analysis (DCA) plot demonstrated a high
clinical net benefit for the constructed sepsis diagnostic model (Supplementary Figure

4).

Discussion
Sepsis is a major cause of mortality in critically ill patients, with high morbidity
and mortality. Approximately 20%—-30% of severely infected patients do not exhibit
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typical symptoms of organ dysfunction upon admission but rapidly progress to sepsis
[6], Therefore, early identification of sepsis is crucial for developing appropriate and
effective treatment strategies and reducing mortality. Clinicians require more specific
and sensitive biomarkers to identify the early diagnosis of sepsis. Currently, WBC, CRP,
and PCT are proposed commonly in clinical practice as inflammatory biomarkers [7].
However, WBC and CRP are nonspecific markers of systemic inflammation and cannot
effectively differentiate among bacterial, non-bacterial, and sterile inflammation. PCT
has a higher specificity for bacterial infections but performs poorly in predicting sepsis-
associated organ dysfunction [¢ 1], In recent years, numerous studies have proven that
HBP has good predictive performance for infection, sepsis, or organ function
assessment, superior to PCT, CRP, and other biomarkers (68 11, 12,17, 18],

HBP, also known as heparin-binding protein or CAP37, is a protein molecule
stored in the secretory granules of neutrophils and azurophilic granules. It contains a
large number of positively charged amino acid residues, which are concentrated on one
side of the protein 8], A hydrophobic pocket structure formed by amino acid residues
20-44 exhibits a high affinity for endotoxins [6l. Therefore, HBP was initially
discovered for its antimicrobial activity. Subsequent research confirmed that HBP was
a multifunctional innate immune defense molecule that played a crucial role in the
host’s infection and inflammatory response [ 131, These characteristics made HBP a
promising novel infection biomarker. Recent studies have reported that HBP could
assist in the diagnosis of various diseases, such as respiratory and circulatory failure,
sepsis, acute kidney injury, acute lung injury, meningitis, urinary tract infections, as
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well as skin and soft tissue infections 68 11.19. 201 However, its clinical use has not yet
been widely adopted, so further clinical research is required to validate its utility.

This study further confirmed that HBP was a promising biomarker in sepsis. In
this study, the levels of HBP in infected patients (infection group, sepsis group, and
septic shock group) were significantly higher than those of non-infected patients
(control group). The HBP levels in sepsis patients (sepsis group and septic shock group)
were significantly elevated compared with non-sepsis patients (infection group and
control group). Therefore, HBP levels could effectively differentiate whether patients
had an infection and whether infected patients had sepsis. Furthermore, its
discriminative value was found to be superior to LAC, IL-6, WBC, SOFA, and
APACHE II scores. Similar findings have been reported in previous studies [7- 111, These
results were likely related to the biological characteristics of HBP. It was stored in
neutrophil secretory granules and azurophilic granules, and upon stimulation by
pathogens, it could be rapidly and massively released into the bloodstream, inducing
rearrangement of the endothelial cell cytoskeleton, leading to vascular leakage and
edema formation. Additionally, HBP regulated the function of monocytes and
macrophages, further amplifying the inflammatory response and enhancing the body’s
immune response to infection. Moreover, as neutrophils infiltrated into the tissues, HBP
continued to be released, resulting in tissue damage and organ dysfunction [18- 21,
Therefore, HBP levels were significantly elevated in patients with infection and/or
sepsis.

Regarding the diagnostic performance of HBP in sepsis, a study by Linder et al.
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found that the AUC of HBP for predicting sepsis was 0.85, with a sensitivity of 87%
and specificity of 95%, which were significantly higher than those of PCT, CRP, WBC,
IL-6, and other biomarkers [7l. Furthermore, HBP had the ability to predict the
occurrence of organ dysfunction and circulatory failure at an early stage, providing
indications for timely interventions such as fluid resuscitation and antibiotic use, which
were indispensable components of sepsis bundle therapy [7> - 221, In addition, the
favorable predictive value of HBP was validated in pediatric patients with severe sepsis
[23]. The emergence of this phenomenon was considered to be related to the pathological
process in which HBP was involved in vascular leakage and organ dysfunction in septic
patients, and its release occurred earlier than CRP, PCT, and other markers 1'7- 18211 Tn
this study, the AUC for HBP in predicting sepsis was 0.733, which was not superior to
PCT, CRP, and SOFA. Previous studies reported varying diagnostic accuracy of HBP
for sepsis at different time points 1'7). Meta-analyses also revealed that HBP often
performs better in diagnosing sepsis in emergency department patients compared with
ICU patients 13- 14171, Based on the above analysis, it was considered that a correlation
between the more severe condition of ICU patients and the complexity of intervention
measures may be the reasons. First, most ICU patients had multiple influencing factors
such as surgery, trauma, procedures, and infections. Second, patients received broad-
spectrum antibiotics, fluid resuscitation, and other sepsis-related treatments in
emergency departments or general wards prior to being transferred to the ICU,
indicating a relatively advanced stage of the disease. Lastly, ICU patients had complex
medication regimens and multiple intervention measures, such as heparin, albumin, and

15

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 16 of 31

~

e

e

‘salbojouydal Jejiwis pue ‘Bulurel |y ‘Buiuiw erep pue 1xal 01 pale|al sasn 1o} Buipnjoul ‘1ybiAdos Ag paloaloid


http://bmjopen.bmj.com/

Page 17 of 31

oNOYTULT D WN =

331

332

333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

350

351

352

BMJ Open

CRRT, among others 124281, All of these factors might potentially affect the plasma level
of HBP. Furthermore, this phenomenon also reflected the limitations of a single
biomarker, as it could not fully reflect the clinical reality and accurately diagnose sepsis.

The pathophysiological mechanisms of sepsis are complex. They involve different
immune states, sites of infection, and pathogens. The immune response patterns vary,
and so do the pathophysiological processes of various biomarkers. Additionally, the
severity of organ dysfunction also varies. During its occurrence and progression, there
are always dual factors that simultaneously lead to an exaggerated inflammatory
response and immune dysfunction. Systemic inflammatory response and immune
suppression do not generally exist as simple independent entities but rather co-exist.
Therefore, a single biomarker cannot serve as a reliable diagnostic indicator for sepsis
[7. 101 In this study, we also observed that HBP showed almost no correlation with PCT,
CRP, IL-6, LAC, APACHE II, and SOFA scores. This suggested that HBP, as a
biomarker, could provide unique information for the diagnosis of sepsis that was
independent of other biomarkers. We hypothesized that establishing a diagnostic model
combining HBP with PCT, CRP, IL-6, LAC, APACHE II, SOFA scores, and other
indicators could become a new approach for early diagnosis of sepsis. Currently,
relevant studies have been conducted in this regard. Gibot et al. found that a biological
scoring system combining soluble triggering receptor expressed on myeloid cells-1
(sTREM-1), PCT, and CD64 had an AUC of 0.95 for diagnosing sepsis, which was
higher than any single marker [?°). Furthermore, a prospective observational study
suggested that CRP, PCT, and CD64 were good predictive markers for sepsis, and their
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combination further improved the diagnostic accuracy of sepsis 3%. However, many of
the biomarkers mentioned in the above studies have not been widely used in clinical
practice, making them less practical. In this study, commonly used biomarkers in
clinical settings were included. Based on the ROC analysis of various markers, a sepsis

diagnostic model using binary logistic regression was constructed. Upon test, the sepsis

diagnostic model exhibited an AUC above 0.90, indicating its high clinical applicability.

Some limitations of this study should be discussed. First, the study population
consisted of patients from a comprehensive ICU, and the model might not be applicable
to sepsis patients in the emergency department or general wards. Second, in many septic
shock patients, the HBP levels exceeded the upper limit of measurement, which could
potentially reduce the statistical differences. Lastly, as a single-center retrospective
study, the sample size was relatively small, which affected the statistical power.
Subsequent research can be conducted in the form of multi-center prospective studies,
involving multiple specialties, and monitoring HBP dynamically to further evaluate its
predictive value in sepsis patients.

Conclusion

This study confirmed the value of plasma HBP in the early diagnosis of sepsis in
the ICU. It also constructed a sepsis early diagnostic model that includes HBP, PCT,
CRP, IL-6, and SOFA scores. This model demonstrated high accuracy and clinical
utility, further enhancing the early predictive role in sepsis. It had potential clinical

diagnostic value in the early detection of sepsis.
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1
2
3
4
Z Control Infection Sepsis Septic shock P
7 (n=93) (n=94) (n=53) (n = 86)
8
9 Age, years, 56 63 58 64 0.023
10
11 median (IQR)
12 (45.0-69.0)  (51.0-73.8)  (49.0-70.0)  (53.0-70.0)
12 Sex, male, n (%) 50 (53.8) 64 (68.1) 34 (64.2) 53 (61.6) 0.237
15 Comorbidity, n (%)
16
17 Hypertension 30(32.3) 38 (40.4) 15 (28.3) 29 (33.7) 0.459
18
19 Diabetes 15 (16.1) 25 (26.6) 10 (18.9) 15 (17.4) 0.281
;O Cardiovascular 21 (22.6) 24 (25.5) 5(9.4) 15(17.4) 0.100

1
22 Liver disease 3(3.2) 3(3.2) 3(5.7) 5(5.8) 0.739
23
24 Malignant tumor 34 (36.6) 36 (38.3) 18 (34.0) 42 (48.8) 0.243
;2 Others 26 (28.0) 47 (50.0) 15 (28.3) 37 (43.0) 0.005
27 Source of infection, n (%)
28
29 Abdomen - 31(33.0) 30 (56.6) 63 (73.3) <0.001
30
31 Respiratory - 46 (48.9) 17 (32.1) 23 (26.7) 0.006
gg Blood - 4(4.3) 8 (15.1) 16 (18.6) 0.009
34 Skin and soft tissues - 16 (17.0) 50.4) 8(9.3) 0.220
35
36 Others - 6 (6.4) 8 (15.1) 5(5.8) 0.109
37
38 Pathogens, n (%)
39 Escherichia coli 3(3.2) 9 (9.6) 9 (17.0) 24 (27.9) <0.001
40
41 Klebsiella genus 1(1.1) 8 (8.5) 8 (15.1) 14 (16.3) 0.003
42
43 Other Enterobacteriaceae 2(2.2) 2(2.1) 4(7.6) 9 (10.5) 0.030
44
45 Pseudomonas aeruginosa 1(1.1) 5(5.3) 7(13.2) 9 (10.5) 0.015
j? Acinetobacter baumannii 1(1.1) 7(7.5) 4(7.6) 44.7) 0.112
48 .
49 Stenotrophomonas maltophilia 1(1.1) 2(2.1) 1(1.9) 11 (12.8) 0.001
50
51 Enterococcus 1(1.1) 8 (8.5) 9 (17.0) 19 (22.1) <0.001
52
53 Other Gram-negative bacteria 1(1.1) 0(0.0) 2 (3.8) 9 (10.5) 0.001
54
55 Staphylococcus 1(L1.1) 12 (12.8) 509.4) 7(8.1) 0.024
56
57 Streptococcus 2(2.2) 1(1.1) 1(1.9) 3(3.5) 0.752
gg Anaerobic bacteria 1(1.1) 1(1.1) 1(1.9) 44.7) 0.377
60
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Fungi 3(32) 17 (18.1) 14 (26.4) 38 (44.1) <0.001
APACHE II score, 9.0 12.0 13.0 16.5 <0.001
median (IQR)
(7.0-12.0)  (9.0-16.0)  (9.00-18.0)  (12.0-21.0)
SOFA score, 2.0 4.0 5.0 10.0 <0.001
median (IQR)
(1.0-5.0) (2.3-7.0) (3.0-7.0) (7.0-13.0)
Length of ICU stay, days 20 >0 6.0 8.0
<0.001
median (IQR) (1.0-4.0) (3.0-7.8) (3.0-10.0)  (4.0-13.0)
3-day improvement, n (%) 88 (94.6) 83 (88.3) 47 (88.7) 64 (74.4) 0.001
28-day overall mortality, n (%) 3(3.2) 9(9.6) 6(11.3) 28 (32.6) <0.001

APACHE II score: acute physiology and chronic health evaluation II score, ICU: intensive care

unit, IQR: interquartile range, SOFA score: sequential organ failure assessment score.

Table 2. Performance of biomarkers to discriminate sepsis from non-sepsis.

Cut-off  Sensitivity Specificity PPV NPV
Variable AUC (95% CI)

value (%) (%) %) (%)
HBP 0.733 (0.678-0.789) 35.2 65.5 74.9 659 745
IL-6 0.658 (0.595-0.72) 328.9 48.2 82.4 67.0 68.1
WBC 0.541 (0.474-0.607) 21.0 20.1 95.7 77.8  61.7
PCT 0.812 (0.766-0.857) 0.9 85.6 59.9 61.1 84.2
CRP 0.775 (0.724-0.827) 107.7 66.9 77.0 684 758
LAC 0.632 (0.571-0.694) 1.9 53.2 72.2 58.7 675
APACHEII  0.688 (0.630-0.747) 12.5 65.5 63.6 643 64.8
SOFA 0.801 (0.755-0.848) 4.5 83.5 62.0 68.7 79.0
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APACHE II: acute physiology and chronic health evaluation II, CRP: C-reactive protein, HBP:

heparin-binding protein, LAC: blood lactic acid, PCT: procalcitonin, IL-6: procalcitonin, SOFA:

sequential organ failure assessment, WBC: white blood cell count.

Figure legends

Figure 1. Comparison of plasma levels of biomarkers among different groups. A: HBP, B: PCT,

C: WBC, D: CRP, E: IL-6, F: LAC, G: APACHE II, H: SOFA. APACHE II: acute physiology and

chronic health evaluation II, CRP: C-reactive protein, HBP: heparin-binding protein, LAC: blood

lactic acid, PCT: procalcitonin, IL-6: procalcitonin, SOFA: sequential organ failure assessment,

WBC: white blood cell count. *: P <0.05; **: P<0.01; ***: P <0.001.

Figure 2. A nomogram predicting the risk of spesis for patients. The value of each of variable was

given a score on the point scale axis. A total score could be easily calculated by adding each single

score and by projecting the total score to the lower total point scale. We were able to estimate the

probability of Spesis. CRP: C-reactive protein, HBP: heparin-binding protein, PCT: procalcitonin,

IL-6: procalcitonin, SOFA: sequential organ failure assessment.

Figure 3. ROC curve analysis of the sepsis training model and test model.
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Figure 1. Comparison of plasma levels of biomarkers among different groups. A: HBP, B: PCT, C: WBC, D:
CRP, E: IL-6, F: LAC, G: APACHE II, H: SOFA. APACHE II: acute physiology and chronic health evaluation II,
CRP: C-reactive protein, HBP: heparin-binding protein, LAC: blood lactic acid, PCT: procalcitonin, IL-6:
procalcitonin, SOFA: sequential organ failure assessment, WBC: white blood cell count. *: P < 0.05; **: P <
0.01; ***: P < 0.001.
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Figure 2. A nomogram predicting the risk of spesis for patients. The value of each of variable was given a
score on the point scale axis. A total score could be easily calculated by adding each single score and by

projecting the total score to the lower total point scale. We were able to estimate the probability of Spesis.

CRP: C-reactive protein, HBP: heparin-binding protein, PCT: procalcitonin, IL-6: procalcitonin, SOFA:
sequential organ failure assessment.
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2 Supplementary Table 1. The comparison of HBP among different sites.

Infection Sepsis Septic shock P
Abdomen, 24.8 447 78.0 <0.001
median (IQR)

(14.0-74.5) (25.9-108.0) (38.6-156.3.0)
Respiratory 232 55.2 55.7 <0.001
median (IQR) (10.8-55.3) (37.8-73.9) (14.1-300)
Blood 9.5" 80.4 207.6 <0.001
median (IQR) (45.1-115.6) (176.6-238.6)
Skin and soft tissues 25:5 273 618 0.027
median (IQR) (19.1-37.3) (14.6-41.4) (36.2-136)
Other 18.3 45.6 22.6 0.007
median (IQR) (14.5-22.5) (27.0-64.3) (19.5-86.7)
Multi-infection site 22.7 371 390 0333
median (IQR) (20.9-32.8) (18.0-110.6) (23.7-134.6)

4 * Only one patient with bloodstream infection in the infection group, IQR: interquartile range.

6  Supplementary Table 2. The logistic regression model for sepsis diagnosis.

Variable B zZ P OR (95%CI)

Intercept —3.833 —-7.29 <0.001 0.022 (0.008, 0.061)
PCT 0.034 2.63 0.009 1.034 (1.009, 1.060)
CRP 0.011 4.13 <0.001 1.011 (1.006, 1.016)
HBP 0.006 2.04 0.041 1.006 (1.000, 1.012)
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IL-6 0.001 2.49 0.013
SOFA 0.225 3.67 <0.001

1.001 (1.000, 1.001)

1.252 (1.110, 1.412)

CRP: C-reactive protein, HBP: heparin-binding protein, PCT: procalcitonin, IL-6: procalcitonin,

SOFA: sequential organ failure assessment.
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ROC curves for biomarkers in distinguishing sepsis from non-sepsis. A:

HBP, B: PCT, C: WBC, D: CRP, E: IL-6, F: LAC, G: APACHE II, H: SOFA. APACHE II: acute

physiology and chronic health evaluation II, CRP: C-reactive protein, HBP: heparin-binding

protein, LAC: blood lactic acid, PCT: procalcitonin, IL-6: procalcitonin, SOFA: sequential organ

failure assessment, WBC: white blood cell count.
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Supplementary Figure 2. The correlations of HBP with CRP (A) , PCT (B), WBC (C), LAC (D),

APACHE II (E), SOFA (F), and IL-6(G). APACHE II: acute physiology and chronic health

evaluation II, CRP: C-reactive protein, LAC: blood lactic acid, PCT: procalcitonin, IL-6:

procalcitonin, SOFA: sequential organ failure assessment, WBC: white blood cell count.
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24 Supplementary Figure 3. Calibration test of the sepsis diagnostic model. A: training set, B: test set.
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27  Supplementary Figure 4. Decision curve analysis (DCA) curve of the sepsis diagnostic model. A:

28  training set, B: test set.
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Abstract

Objectives: This study aims to investigate the diagnostic value of heparin-binding
protein (HBP) in sepsis and develop a sepsis diagnostic model incorporating HBP with
key biomarkers and disease-related scores for an early, rapid, and accurate diagnosis of
sepsis in the intensive care unit (ICU).

Design: Clinical retrospective cross-sectional study.

Setting: A comprehensive teaching tertiary hospital in China.

Participants: Adult patients (age>18years) who had tested HBP or whose blood
samples had been collected when admitted to ICU.

Main outcome measures: HBP, C-reactive protein (CRP), procalcitonin (PCT), white
blood cell count (WBC), interleukin-6 (IL-6), lactate (LAC), acute physiology and
chronic health evaluation I (APACHE II) and sequential organ failure assessment
(SOFA) score were recorded.

Results: From March 2019 and December 2021, 326 patients were enrolled in this
study. The patients were categorized into the non-infection group (control group),
infection group, sepsis group, and septic shock group based on final diagnosis. The
levels of HBP in the sepsis group and septic shock group were 45.7 and 69.0 ng/mL,
significantly higher than those in the control group and infection group, 18.0 and 24.0
ng/mL, respectively (p < 0.001). The AUC value of HBP for diagnosing sepsis was
0.733, which was lower than those corresponding to PCT, CRP, and SOFA, but higher
than those of IL-6, LAC, and APACHE II. Multivariate logistic regression analysis
identified HBP, PCT, CRP, IL-6, and SOFA as valuable indicators for diagnosing
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sepsis. A sepsis diagnostic model was constructed based on these indicators, whose

AUC was 0.901, with a sensitivity of 79.7% and specificity of 86.9%.

Conclusions: HBP could serve as a biomarker for early diagnosis of sepsis in the ICU.

Compared with single indicators, the sepsis diagnostic model constructed with HBP,

PCT, CRP, IL-6, and SOFA further enhanced the diagnostic performance of sepsis.

Strengths and limitations of this study

This study included a highly heterogeneous population, making it highly
applicable to sepsis patients in ICU.

Moreover, most of the biomarkers included in this diagnostic model were widely
used in clinical practice, making them easily obtainable, highly reproducible, and
operationally feasible.

This study was an ICU single-center retrospective research, the results might not
be applicable to sepsis patients in other settings.

The SOFA scores in the study were absolute values automatically obtained by the
electronic scoring system, rather than the delta values.

Its design did not allow for the determination of causal relationships.

Keywords: HBP, Sepsis, Diagnostic model
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Background

Sepsis is life-threatening organ dysfunction caused by a dysregulated host
response to infection. Sepsis, when accompanied by severe circulatory impairment and
cellular metabolic disorders, is referred to as septic shock, which is the leading cause
of death in septic patients. [1] With the aging population and increase in
immunocompromised hosts, the incidence of sepsis has been rising recent year. The
Global Burden of Sepsis study published in 2020 reported 48.9 million cases of sepsis
worldwide in 2017, with 11 million deaths attributed to sepsis, accounting for 19.7%
of global deaths. [2] Another domestic study showed that the incidence of sepsis in the
intensive care unit (ICU) was 20.6%, with a 90-day mortality rate of 35.5%, and the
mortality rate for septic shock was as high as 50% or more. [3] Im et al. demenstrated
that the mortality rate of septic shock was correlated with hypotension and delayed use
of antibiotics. [4] Another study indicated that early fluid resuscitation was closely
related to the prognosis of patients with sepsis. [5S] Therefore, early diagnosis of sepsis
and timely appropriate treatment are crucial for sepsis management.

Early diagnosis and identification of sepsis require a comprehensive approach
based on the patient’s clinical symptoms, conventional cultures, biomarkers, and
disease-specific scoring systems. However, clinical symptoms and signs of sepsis are
often nonspecific, and conventional pathogen culture is relatively delayed. [6]
Therefore, early diagnosis of sepsis in the ICU mainly relies on biomarkers and disease-
specific scoring systems. Currently, there are over 200 sepsis-related biomarkers
reported in the literature, among which heparin-binding protein (HBP) is a novel
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biomarker. [7] HBP is a serine protease-like protein secreted by neutrophils after
infection and has functions such as altering endothelial cell permeability, antimicrobial
activity, chemotaxis, and regulation of cell apoptosis. [8] It has been identified as an
early diagnostic indicator for severe sepsis/septic shock in Chinese Guidelines for the
Management of Severe Sepsis/Septic Shock (2014) [9] and Chinese Expert Consensus
on Early Prevention and Interruption of Sepsis in Emergency Medicine (2020). [10] In
addition, an increasing number of studies had furnished evidence regarding the use of
HBP for diagnosing sepsis in recent years. The results demonstrated that HBP could be
used for sepsis diagnosis and monitoring the severity. [8, 11, 12] On the other hand, a
few studies had indicated that elevated levels of HBP irrespective of infectious etiology
and no correlation with severity and outcome. [13] Furthermore, differences and
inconsistencies have been noted among various studies in regard to the diagnostic
performance of HBP of sepsis. [14, 15] Therefore, it remains controversial to use HBP
for the early diagnosis of sepsis. The aim of this study was to analysis the early
diagnostic value of HBP in sepsis and to develop a sepsis diagnostic model combining
HBP with multiple biomarkers and disease-specific scoring systems retrospectively, in

order to facilitate early identification and diagnosis of sepsis in the ICU.

Methods

Study population

This study included 2080 patients who admitted to the ICU of the First Affiliated

Hospital of Sun Yat-sen University, China, from March 2019 to December 2021. The

5
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strict inclusion and exclusion criteria were adopted for all patients, with the inclusion
criteria being: (1) patients who had undergone HBP detection or whose blood samples
had been collected for HBP detection at the time of ICU admission, (2) the clinical data
were integrity, and (3) aged 18 years or older. The exclusion criteria were: (1) patients
with neutropenia due to hematological malignancies, and (2) patients who underwent
immunosuppressive therapy. Patients were categorized into four groups, namely, the
infection group, sepsis group, septic shock group, and control group, based on the final
diagnosis at the time of discharge from ICU or death, determined by the attending
physician. Figure 1 showed the flow diagram of the participants. The protocols were
approved by the Ethics Committee of the First Affiliated Hospital of Sun Yat-sen

University and conducted in accordance with the Declaration of Helsinki.

Measurement of plasma HBP and clinical data collection

The blood samples collected previously were sent to the central laboratory for the
detection of plasma HBP levels. In briefly, the blood samples were centrifuged at 1,000
rounds/min for 10 min, and 100 pL of supernatants were collected for plasma level of
HBP determination using an immunofluorescence dry quantitative method (Jet-
1Star3000, Hangzhou, Joinstar Biomedical Technology Co,.LTD). The procedure
strictly followed the instructions provided with the reagent kit, and the quality control
was performed well.

General informations such as gender, age, underlying diseases, site of infection,
and pathogens were collected. Laboratory tests such as HBP, procalcitonin (PCT),

6
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white blood cell count (WBC), C-reactive protein (CRP), interleukin-6 (IL-6), and
blood lactate (LAC) were measured at the time of ICU admission. Acute Physiology
and Chronic Health Evaluation II (APACHE II) score and Sequential Organ Failure
Assessment (SOFA) score were calculated within 24 h of ICU admission. The length
of ICU and survival outcomes (3-day improvement rate, 28-day mortality rate) were

also recorded for each group of patients.

Statistical Methods

For baseline measurement data, median and interquartile range (IQR) were used
to describe the data. If continuous variables followed a normal distribution, one-way
ANOVA was used for intergroup comparisons; otherwise, the Kruskal-Wallis H test
was used. Percentage calculations were performed for categorical data, and differences
between groups were tested using the chi-square test or Fisher’s exact test.

Receiver operating characteristic (ROC) curves were used to assess the diagnostic
performance of HBP, PCT, WBC, CRP, IL-6, LAC, APACHE II score, and SOFA
score for sepsis. The area under the ROC curve (AUC) was also estimated. The optimal
cut-off values for diagnosing sepsis were determined based on the maximum Youden
index, and corresponding sensitivity, specificity, positive predictive value (PPV), and
negative predictive value (NPV) were calculated.

To improve the diagnostic performance of sepsis, a multivariate binary logistic
regression model was constructed. Random selection of 70% of all patients was used
as the training set, while the remaining 30% served as the test set to assess the model’s
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performance. AUC was calculated for both the training and test sets. The Hosmer—
Lemeshow goodness-of-fit test and calibration curve were used to evaluate the model’s
goodness-of-fit for both datasets. Decision curves were also plotted to evaluate the
clinical utility of the regression model. All hypothesis tests were two-tailed, and a
significance level of P <(0.050 was set. Statistical analysis was performed using R 4.1.1

and SPSS 25.0.

Patient and public involvement
This was a retrospective study. No Patients or public representatives were involved in

setting the research question, nor in the design, conduct, or interpretation of the study.

Results
Characteristics of the patients

A total of 326 patients were enrolled at last, including 93 in the control group, 94
in the infection group, 53 in the sepsis group, and 86 in the septic shock group (Figure
1). Table 1 summerized the baseline characteristics of the patients. The median ages of
patients in the control group, infection group, sepsis group, and septic shock group were
56, 63, 58, and 64 years, respectively, with statistically significant differences among
the groups (p = 0.023). No significant differences were noted among the groups in terms
of gender, prevalence of hypertension, diabetes, heart disease, malignancy, liver disease,
and other comorbidities.

The control group consisted of postoperative recovery patients from various
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surgical procedures, including gastrointestinal, hepatic, vascular, among others. The
infection patients (including the infection group, sepsis group, and septic shock group)
predominantly presented with pulmonary infections (48.9%, 32.1%, and 26.7%,
respectively) and abdominal infections (33.0%, 56.6%, and 73.3%, respectively).
Among all enrolled patients, 32 had positive blood cultures, 76 had positive peritoneal
drainage fluid cultures, and 90 had positive sputum cultures. All sepsis patients
(including the sepsis group and septic shock group) mainly suffered from bacterial
infections and received antibiotic treatment. The APACHE II and SOFA scores of the
sepsis and septic shock groups were significantly higher than the control and infection
groups, with statistically significant difference among the four groups (p < 0.001). In
the prognosis analysis, the 28-day mortality rates for the sepsis group and septic shock
group were 11.32% and 32.56%, respectively significantly higher than those for the

control and infection groups (3.2% and 9.6%) (Table 1).

Levels of HBP and other biomarkers in each group of patients

The median (IQR) levels of HBP in the control, infection, sepsis, and septic shock
groups were 18.0 (9.9-32.1), 24.0 (14.1-56.4), 45.7 (24.8-107.9), and 69.0 (33.8-150.9)
ng/mL, respectively (p < 0.001). HBP was capable of effectively distinguishing
between patients with and without infection or sepsis, and its efficacy was superior to
IL-6, LAC, and WBC. However, in distinguishing septic patients with or without shock,
HBP was inferior to PCT, IL-6, and LAC. Additionally, there were no statistical
differences were noted in WBC levels among the groups (Figure 2).

9
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When comparing HBP levels among different infection sites in the infection,
sepsis, and septic shock groups, statistical differences were observed among the
subgroups except for multi-infection site (Supplementary Table 1). As the severity of
infection increased, APACHE II and SOFA scores gradually increased, showing
statistical differences. However, no statistical difference was observed when comparing

the infection group with the sepsis group (Figure 2).

Analysis of the diagnostic accuracy of different biomarkers for sepsis

HBP demonstrated promising diagnostic performance for early detection of sepsis,
with an AUC 0f 0.733 (95% CI 0.678-0.789), which was significantly higher than WBC
(AUC 0.541, 95% CI 0.474-0.607) and higher than the AUCs of IL-6, LAC, and
APACHE 1I scores (0.658, 0.632, and 0.688, respectively) but not statistical
significantly. The AUC of HBP was significantly lower than PCT (AUC 0.812, 95%CI
0.766—0.857). When the HBP cut-off value was set at 35.2 ng/mL, the sensitivity,
specificity, PPV and NPV for diagnosing sepsis were 65.5%, 74.9%, 65.9% and 74.5%,

respectively (Table 2, Supplementary Figure 1).

Relationship between HBP and other biomarkers
No significant correlation was observed between HBP levels and CRP, PCT, WBC,

IL-6, LAC, APACHE II scores, and SOFA scores (Supplementary Figure 2).

Construction of a sepsis diagnostic model
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Based on the training set, variables were selected through univariate logistic
regression analysis for patient demographics (such as gender, age, underlying diseases,
infection sites, and pathogens), infection biomarkers (HBP, PCT, WBC, CRP, IL-6,
and LAC), APACHE II scores, and SOFA scores. Variables with statistical significance
(»<<0.05) were included in the multivariate logistic regression model (Supplementary
Table 2). Among the statistically significant variables in the univariate analysis were
HBP., PCT. CRP., IL-6. LAC. APACHE II. SOFA. The final multivariate
logistic regression results showed that PCT (OR = 1.034, 95%CI 1.009-1.060, p =
0.009), CRP (OR = 1.011, 95%CI 1.006-1.016, p << 0.001), HBP (OR = 1.006,
95%CI 1.000-1.012, p=0.041), IL-6 (OR =1.001 95%CI 1.000-1.001, p=0.013),
SOFA (OR =1.252,95%CI 1.110-1.412, p << 0.001) were significantly associated
with sepsis diagnosis. The sepsis diagnostic model was constructed based on the results

of logistic regression that was shown in Figure 3.

Validation of the sepsis diagnostic model

To evaluate the predictive performance of the model, the remaining 30% of
patients were used as a test set to validate the model. In the training set, the model
achieved an AUC of 0.901 (95% CI 0.863—0.940). When the Youden index was
maximized, the cut-off value was determined to be 0.439, resulting in a sensitivity of
79.4% and a specificity of 86.5%. In the test set population, the model obtained an AUC
0f 0.913 (95% CI 0.860—0.966). Applying the cut-off value obtained from the training

set to the test set, the sensitivity and specificity were 80.5% and 87.7%, respectively
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(Supplementary Figure 3). Furthermore, to obtain a more accurate cut-off value, all
patients were included in the diagnostic model, resulting in a cut-off value of 0.439.
The sensitivity and specificity for diagnosing sepsis with this cut-off value were 79.7%
and 86.9%, respectively.

The diagnostic model constructed using the training set exhibited a good
predictive performance based on the Hosmer—Lemeshow goodness-of-fit test in both
the training and test sets (x> = 4.91, p = 0.767; y* = 5.12, p = 0.745; Supplementary
Figure 4) Additionally, the decision curve analysis (DCA) plot demonstrated a high
clinical net benefit for the constructed sepsis diagnostic model that surpasses both

Treat-all and Treat-no (Supplementary Figure 5).

Discussion

Sepsis is a major cause of mortality in critically ill patients, with high morbidity
and mortality. Approximately 20%—-30% of severely infected patients do not exhibit
typical symptoms of organ dysfunction upon admission but rapidly progress to sepsis.
[6] Therefore, early identification of sepsis is crucial for developing appropriate and
effective treatment strategies and reducing mortality. Clinicians require more specific
and sensitive biomarkers to identify the early diagnosis of sepsis. Currently, WBC, CRP,
and PCT are proposed commonly in clinical practice as inflammatory biomarkers. [7]
However, WBC and CRP are nonspecific markers of systemic inflammation and cannot
effectively differentiate among bacterial, non-bacterial, and sterile inflammation. PCT
has a higher specificity for bacterial infections but performs poorly in predicting sepsis-
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associated organ dysfunction. [6, 16] In recent years, numerous studies have proven
that HBP has good predictive performance for infection, sepsis, or organ function
assessment, superior to PCT, CRP, and other biomarkers. [6, 8, 11, 12, 17, 18]

HBP, also known as heparin-binding protein or CAP37, is a protein molecule
stored in the secretory granules of neutrophils and azurophilic granules. It contains a
large number of positively charged amino acid residues, which are concentrated on one
side of the protein. [18] A hydrophobic pocket structure formed by amino acid residues
20—44 exhibits a high affinity for endotoxins. [6] Therefore, HBP is initially discovered
for its antimicrobial activity. Subsequent researches confirmed that HBP is a
multifunctional innate immune defense molecule that played a crucial role in the host’s
infection and inflammatory response. [6, 18] These characteristics make HBP a
promising novel infection biomarker. Recent studies have reported that HBP could
assist in the diagnosis of various diseases, such as respiratory and circulatory failure,
sepsis, acute kidney injury, acute lung injury, meningitis, urinary tract infections, as
well as skin and soft tissue infections. [6, 8, 11, 19, 20] However, its clinical use has
not yet been widely adopted, so further clinical research is required to validate its utility.

This study further confirmed that HBP was a promising biomarker in sepsis. In
this study, HBP levels could effectively differentiate whether patients had an infection
and whether infected patients had sepsis. Furthermore, its discriminative value was
found to be superior to LAC, IL-6, WBC, SOFA, and APACHE II scores. Similar
findings had been reported in previous studies. [7, 11] These results were likely related
to the biological characteristics of HBP. It was stored in neutrophil secretory granules
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and azurophilic granules, and upon stimulation by pathogens, it could be rapidly and
massively released into the bloodstream, inducing rearrangement of the endothelial cell
cytoskeleton, leading to vascular leakage and edema formation. Additionally, HBP
regulated the function of monocytes and macrophages, further amplifying the
inflammatory response and enhancing the body’s immune response to infection.
Moreover, as neutrophils infiltrated into the tissues, HBP continued to be released,
resulting in tissue damage and organ dysfunction. [18, 21] Therefore, HBP levels were
significantly elevated in patients with infection and/or sepsis.

Regarding the diagnostic performance of HBP in sepsis, a study by Linder et al.
found that the AUC of HBP for predicting sepsis was 0.85, with a sensitivity of 87%
and specificity of 95%, which were significantly higher than those of PCT, CRP, WBC,
IL-6, and other biomarkers. [8] Furthermore, HBP had the ability to predict the
occurrence of organ dysfunction and circulatory failure at an early stage, providing
indications for timely interventions such as fluid resuscitation and antibiotic use, which
were indispensable components of sepsis bundle therapy. [8, 11, 22] In addition, the
favorable predictive value of HBP was validated in pediatric patients with severe sepsis.
[23] The emergence of this phenomenon was considered to be related to the
pathological process in which HBP was involved in vascular leakage and organ
dysfunction in septic patients, and its release occurred earlier than CRP, PCT, and other
markers. [17, 18, 21] In this study, the AUC of HBP in predicting sepsis was 0.733,
which was not superior to PCT, CRP, and SOFA. Previous studies reported varying
diagnostic accuracy of HBP for sepsis at different time points. [17] In this study, their
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disease course was relatively later; although the detection of HBP or the collection of
blood samples occurred upon admission to the ICU, the onset time was still later than
emergency cases. Meta-analyses also revealed that HBP often performed better in
diagnosing sepsis in emergency department patients compared with ICU patients. [13,
14, 17] Unlike previous studies, this research involved ICU patients rather than
emergency patients. First, the control group in this study consisted not only of healthy
individuals but mostly of surgical postoperative recovery patients. Additionally, ICU
patients had more complex conditions, more severe organ damage, and require life
support such as ventilators, vasopressors, continuous renal replacement therapy
(CRRT), etc. Finally, patients had already received various treatments such as fluid
resuscitation and antibiotics in the emergency room or ward. [24-28] In summary, these
conditions might have some impact on HBP levels, but this study population was more
representative of the actual situations of ICU patients. From another perspective, this
phenomenon also reflected the limitations of a single biomarker, as it could not fully
reflect the clinical reality and accurately diagnose sepsis in the ICU.

The pathophysiological mechanisms of sepsis are complex. They involve different
immune states, sites of infection, and pathogens. The immune response patterns vary,
and so do the pathophysiological processes of various biomarkers. During its
occurrence and progression, there are always dual factors that simultaneously lead to
an exaggerated inflammatory response and immune dysfunction. Systemic
inflammatory response and immune suppression do not generally exist as simple
independent entities but rather co-exist. Therefore, a single biomarker cannot serve as
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a reliable diagnostic indicator for sepsis. [7, 10] In this study, we also observed that
HBP showed almost no correlation with PCT, CRP, 1L-6, LAC, APACHE II, and
SOFA scores. This suggested that HBP, as a biomarker, could provide unique
information for the diagnosis of sepsis that was independent of other biomarkers. We
hypothesized that establishing a diagnostic model combining HBP with PCT, CRP, IL-
6, LAC, APACHE II, SOFA scores, and other indicators could become a new approach
for early diagnosis of sepsis. Currently, relevant studies had been conducted in this
regard, [29, 30] but many of the biomarkers mentioned in the above studies have not
been widely used in clinical practice, making them less practical. In this study,
commonly used biomarkers in clinical settings were included. Based on the ROC
analysis of various markers, a sepsis diagnostic model using multivariable logistic
regression was constructed. Upon test, the sepsis diagnostic model exhibited an AUC
above 0.90, indicating its high clinical applicability.
Conclusion

This study confirmed the value of plasma HBP in the early diagnosis of sepsis in
the ICU. It also constructed a sepsis early diagnostic model that includes HBP, PCT,
CRP, IL-6, and SOFA scores. This model demonstrated high accuracy and clinical
utility, further enhancing the early predictive role in sepsis. It had potential clinical

diagnostic value in the early detection of sepsis.
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Table 1. Characteristics of the patients.
Control Infection Sepsis Septic shock P
(n=93) (n=94) (n=53) (n=86)
Age, years, 56 63 58 64 0.023
median (IQR) (45.0-69.0)  (51.0-73.8)  (49.0-70.0)  (53.0-70.0)
Sex, male, n (%) 50 (53.8) 64 (68.1) 34 (64.2) 53 (61.6) 0.237
Comorbidity, n (%)
Hypertension 30 (32.3) 38 (40.4) 15 (28.3) 29 (33.7) 0.459
Diabetes 15 (16.1) 25 (26.6) 10 (18.9) 15(17.4) 0.281
Cardiovascular 21 (22.6) 24 (25.5) 5(9.4) 15(17.4) 0.100
Liver disease 3(3.2) 3(3.2) 3(5.7) 5(5.8) 0.739
Malignant tumor 34 (36.6) 36 (38.3) 18 (34.0) 42 (48.8) 0.243
Others 26 (28.0) 47 (50.0) 15 (28.3) 37 (43.0) 0.005
Source of infection, n (%)
Abdomen - 31 (33.0) 30 (56.6) 63 (73.3) <0.001
Respiratory - 46 (48.9) 17 (32.1) 23 (26.7) 0.006
Blood - 44.3) 8(15.1) 16 (18.6) 0.009
Skin and soft tissues - 16 (17.0) 509.4) 8(9.3) 0.220
Others - 6 (6.4) 8 (15.1) 5(5.8) 0.109
Pathogens, n (%)
Escherichia coli 3(3.2) 9(9.6) 9 (17.0) 24 (27.9) <0.001
Klebsiella genus 1(1.1) 8 (8.5) 8 (15.1) 14 (16.3) 0.003
Other Enterobacteriaceae 2(2.2) 2(2.1) 4(7.6) 9 (10.5) 0.030
Pseudomonas aeruginosa 1(1.1) 5(5.3) 7(13.2) 9(10.5) 0.015
Acinetobacter baumannii 1(1.1) 7(7.5) 4(7.6) 44.7) 0.112
Stenotrophomonas maltophilia 1(1.1) 2(2.1) 1(1.9) 11 (12.8) 0.001
Enterococcus 1(1.1) 8 (8.5) 9 (17.0) 19 (22.1) <0.001
Other Gram-negative bacteria 1(1.1) 0(0.0) 2(3.8) 9 (10.5) 0.001
Staphylococcus 1(1.1) 12 (12.8) 5(09.4) 7 (8.1) 0.024
Streptococcus 2(2.2) 1(1.1) 1(1.9) 3(3.5) 0.752
Anaerobic bacteria 1(1.1) 1(1.1) 1(1.9) 44.7) 0.377
Fungi 3(3.2) 17 (18.1) 14 (26.4) 38 (44.1) <0.001
APACHE II score, 9.0 12.0 13.0 16.5 <0.001
median (IQR) (7.0-12.0)  (9.0-16.0)  (9.00-18.0)  (12.0-21.0)
SOFA score*, 2.0 4.0 5.0 10.0 <0.001
median (IQR) (1.0-5.0) (2.3-7.0) (3.0-7.0) (7.0-13.0)
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Length of ICU stay, days 2.0 5.0 6.0 8.0 <0.001
median (IQR) (1.0-4.0) (3.0-7.8) (3.0-10.0) (4.0-13.0) ’
3-day improvement, n (%) 88 (94.6) 83 (88.3) 47 (88.7) 64 (74.4) 0.001
28-day overall mortality, n (%) 3(3.2) 9(9.6) 6(11.3) 28 (32.6) <0.001

APACHE II score: acute physiology and chronic health evaluation II score, ICU: intensive care unit,

IQR: interquartile range, SOFA score: sequential organ failure assessment score. * the absolute

values of SOFA scores.

Table 2. Performance of biomarkers to discriminate sepsis from non-sepsis.

Variable AUC (95% CI) Cut-off  Sensitivity Specificity PPV~ NPV P
value (%) (%) %) (%)

HBP 0.733 (0.678-0.789) 35.2 65.5 74.9 659 745

IL-6 0.658 (0.595-0.72) 3289 48.2 82.4 67.0 68.1  0.060

WBC 0.541 (0.474-0.607) 21.0 20.1 95.7 778 61.7  <<0.001

PCT 0.812(0.766-0.857) 0.9 85.6 59.9 61.1 842  0.021

CRP 0.775 (0.724-0.827) 107.7 66.9 77.0 684 758 0237

LAC 0.632 (0.571-0.694) 1.9 53.2 72.2 587 675 0.185

APACHEII  0.688 (0.630-0.747) 12.5 65.5 63.6 643 648  0.128

SOFA 0.801 (0.755-0.848) 4.5 83.5 62.0 68.7 79.0 0.064

APACHE II: acute physiology and chronic health evaluation II, CRP: C-reactive protein, HBP:

heparin-binding protein, LAC: blood lactic acid, PCT: procalcitonin, IL-6: interleukin-6, SOFA:

sequential organ failure assessment, WBC: white blood cell count. The P values between AUCs

compared to HBP.
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Figure legends

Figure 1. The flow diagram of participants. HBP: heparin-binding protein, ICU: intensive care unit.

Figure 2. Comparison of plasma levels of biomarkers among different groups. A: HBP, B: PCT,

C: WBC, D: CRP, E: IL-6, F: LAC, G: APACHE II, H: SOFA. APACHE II: acute physiology and

chronic health evaluation II, CRP: C-reactive protein, HBP: heparin-binding protein, LAC: blood

lactic acid, PCT: procalcitonin, IL-6: interleukin-6, SOFA: sequential organ failure assessment,

WBC: white blood cell count. *: P <0.05; **: P<0.01; ***: P <0.001.

Figure 3. A nomogram predicting the risk of sepsis for patients. The value of each of variable was

given a score on the point scale axis. A total score could be easily calculated by adding each single

score and by projecting the total score to the lower total point scale. We were able to estimate the

probability of sepsis. CRP: C-reactive protein, HBP: heparin-binding protein, PCT: procalcitonin,

IL-6: interleukin-6, SOFA: sequential organ failure assessment.
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2080 Patients admitted into ICU

326 Patients

1754 Excluded

# 1087 HBP had not been tested or
had not collected blood samples

# 92 Patients with neutropenia due
to hematological malignancies

4 575 Patients who underwent
immunosuppressive therapy.

Control group
93 Patients

Infection group
94 Patients

Sepsis group
53 Patients

Septic shock group
86 Patients

Figure 1. The flow diagram of participants. HBP: heparin-binding protein, ICU: intensive care unit.
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Figure 3. A nomogram predicting the risk of sepsis for patients. The value of each of variable was given a
score on the point scale axis. A total score could be easily calculated by adding each single score and by

projecting the total score to the lower total point scale. We were able to estimate the probability of sepsis.

CRP: C-reactive protein, HBP: heparin-binding protein, PCT: procalcitonin, IL-6: interleukin-6, SOFA:
sequential organ failure assessment.
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Supplementary Data

Supplementary Table 1. The comparison of HBP among different sites.

Infection Sepsis Septic shock P
Abdomen, 24.8 44.7 78.0 <0.00]
median (IQR) (14.0-74.5) (25.9-108.0) (38.6-156.3.0) ’
median (IQR) (10.8-55.3) (37.8-73.9) (14.1-300) ’
Blood . 80.4 207.6
median (IQR) 93 @5.1-1156)  (176.6-238.6) 0001
Skin and soft tissues 25.5 27.3 61.8 0.027
median (IQR) (19.1-37.3) (14.6-41.4) (36.2-136) )
Other 18.3 45.6 22.6 0.007
median (IQR) (14.5-22.5) (27.0-64.3) (19.5-86.7) )
Multi-infection site 227 37.7 39.0 0.333
median (IQR) (20.9-32.8) (18.0-110.6) (23.7-134.6) )

* Only one patient with bloodstream infection in the infection group, IQR: interquartile range.

Supplementary Table 2. Univariate and multivariate logistic regression analysis of risk factors for

sepsis diagnosis.

Univariate logistic regression

Multivariate logistic regression

Variable analysis analysis
OR (95%CI) P OR (95%CI) P
Age 1.009 (0.993, 1.026) 0.276
Sex 1.169 (0.683, 1.999) 0.569
Hypertension 0.795 (0.450, 1.402) 0.427
Diabetes 0.801 (0.418, 1.538) 0.505
Cardiovascular 0.538 (0.288, 1.182) 0.135
Liver disease 1.572 (0.411, 6.014) 0.509
Malignant tumor 1.471 (0.861, 2.514) 0.158
Other disease 0.998 (0.582, 1.712) 0.994
PCT 1.068 (1.037,1.101) <0.001 1.034 (1.009, 1.060) 0.009
CRP 1.014 (1.009, 1.018) <0.001 1.011 (1.006, 1.016) <0.001
HBP 1.011 (1.006, 1.016) <0.001 1.006 (1.000, 1.012) 0.041
IL-6 1.001 (1.000, 1.001) <0.001 1.001 (1.000, 1.001) 0.013
LAC 1.198 (1.062, 1.352) 0.003
WBC 1.034 (0.992, 1.076) 0.111
APACHE II 1.108 (1.067, 1.152) <0.001
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<0.001

1.252 (1.110, 1.412)

<0.001

APACHE II: acute physiology and chronic health evaluation II, CRP: C-reactive protein, HBP:
heparin-binding protein, LAC: blood lactic acid, PCT: procalcitonin, IL-6: interleukin-6, SOFA:

sequential organ failure assessment, WBC: white blood cell count.
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Supplementary Figure 1. ROC curves for biomarkers in distinguishing sepsis from non-sepsis. A:
HBP, B: PCT, C: WBC, D: CRP, E: IL-6, F: LAC, G: APACHE II, H: SOFA. APACHE II: acute
physiology and chronic health evaluation II, CRP: C-reactive protein, HBP: heparin-binding

protein, LAC: blood lactic acid, PCT: procalcitonin, IL-6: interleukin-6, SOFA: sequential organ

failure assessment, WBC: white blood cell count.
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Supplementary Figure 2. The correlations of HBP with CRP (A), PCT (B), WBC (C), LAC (D),
APACHE II (E), SOFA (F), and IL-6(G). APACHE II: acute physiology and chronic health
evaluation II, CRP: C-reactive protein, LAC: blood lactic acid, PCT: procalcitonin, IL-6:
interleukin-6, SOFA: sequential organ failure assessment, WBC: white blood cell count.
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Supplementary Figure 3. ROC curve analysis of the sepsis training model and test model.
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Supplementary Figure 4. Calibration test of the sepsis diagnostic model. A: training set, B: test set.
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Supplementary Figure 5. Decision curve analysis (DCA) curve of the sepsis diagnostic model. A:

training set, B: test set. The black solid line is the net benefit of treating no patients, the black

dashed line is the net benefit of treating all patients, the orange solid line is the net benefit of

treating patients according to the sepsis diagnostic model. Throughout the entire threshold

range(x-axis), the sepsis diagnostic model surpasses both Treat-all and Treat-no.
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Abstract

Objectives: This study aims to investigate the diagnostic value of heparin-binding
protein (HBP) in sepsis and develop a sepsis diagnostic model incorporating HBP with
key biomarkers and disease-related scores for early, rapid, and accurate diagnosis of
sepsis in the intensive care unit (ICU).

Design: Clinical retrospective cross-sectional study.

Setting: A comprehensive teaching tertiary hospital in China.

Participants: Adult patients (age >18years) who underwent HBP testing or whose
blood samples were collected when admitted to the ICU.

Main outcome measures: HBP, C-reactive protein (CRP), procalcitonin (PCT), white
blood cell count (WBC), interleukin-6 (IL-6), lactate (LAC), acute physiology and
chronic health evaluation II (APACHE II), and sequential organ failure assessment
(SOFA) score were recorded.

Results: Between March 2019 and December 2021, 326 patients were enrolled in this
study. The patients were categorized into a non-infection group (control group),
infection group, sepsis group, and septic shock group based on the final diagnosis. The
HBP levels in the sepsis group and septic shock group were 45.7 and 69.0 ng/mL,
respectively, which were significantly higher than those in the control group (18.0
ng/mL) and infection group (24.0 ng/mL) (p < 0.001). The AUC value of HBP for
diagnosing sepsis was 0.733, which was lower than those corresponding to PCT, CRP,
and SOFA but higher than those of IL-6, LAC, and APACHE II. Multivariate logistic
regression analysis identified HBP, PCT, CRP, IL-6, and SOFA as valuable indicators
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for diagnosing sepsis. A sepsis diagnostic model was constructed based on these
indicators, with an AUC of 0.901, a sensitivity of 79.7%, and a specificity of 86.9%.

Conclusions: HBP could serve as a biomarker for the early diagnosis of sepsis in the
ICU. Compared with single indicators, the sepsis diagnostic model constructed using
HBP, PCT, CRP, IL-6, and SOFA further enhanced the diagnostic performance of

sepsis.

Strengths and limitations of this study

® This study included a highly heterogeneous population, making it highly applicable
to patients with sepsis in the ICU.

® Moreover, most of the biomarkers included in this diagnostic model are widely
used in clinical practice, making them easily obtainable, highly reproducible, and
operationally feasible.

® This was an ICU single-center retrospective study, and the results might be
inapplicable to sepsis patients in other settings.

® The SOFA scores in the study were absolute values automatically obtained by the
electronic scoring system rather than the delta values.

® Jts design dose not allow for the determination of causal relationships.

Keywords: HBP, Sepsis, Diagnostic model

3

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 4 of 32

‘salbojouydal Jejiwis pue ‘Bulurel |y ‘Buiuiw erep pue 1xal 01 pale|al sasn 1o} Buipnjoul ‘1ybiAdos Ag paloaloid .


http://bmjopen.bmj.com/

Page 5 of 32

oNOYTULT D WN =

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

BMJ Open

Background

Sepsis is a life-threatening organ dysfunction caused by dysregulated host
response to infection. Sepsis, when accompanied by severe circulatory impairment and
cellular metabolic disorders, is referred to as septic shock and is the leading cause of
death in patients with sepsis. [1] With the aging population and increase in
immunocompromised hosts, the incidence of sepsis has recently been rising. The
Global Burden of Sepsis study published in 2020 reported 48.9 million cases of sepsis
worldwide in 2017, with 11 million deaths attributed to sepsis, accounting for 19.7%
of the global deaths. [2] Another domestic study showed that the incidence of sepsis in
the intensive care unit (ICU) was 20.6%, with a 90-day mortality rate of 35.5%, and the
mortality rate for septic shock was as high as 50% or more. [3] Im et al. demonstrated
that the mortality rate of septic shock is correlated with hypotension and the delayed
use of antibiotics. [4] Another study indicated that early fluid resuscitation is closely
linked to the prognosis of patients with sepsis. [5] Therefore, early diagnosis and timely
and appropriate treatment are crucial for sepsis management.

Early diagnosis and identification of sepsis require a comprehensive approach
based on the patient’s clinical symptoms, conventional cultures, biomarkers, and
disease-specific scoring systems. However, the clinical symptoms and signs of sepsis
are often nonspecific, and conventional pathogen cultures are relatively delayed. [6]
Therefore, the early diagnosis of sepsis in the ICU mainly relies on biomarkers and
disease-specific scoring systems. Currently, there are over 200 sepsis-related
biomarkers have been reported in the literature, among which heparin-binding protein
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(HBP) is a novel biomarker. [7] HBP is a serine protease-like protein secreted by
neutrophils after infection that has functions such as altering endothelial cell
permeability, antimicrobial activity, chemotaxis, and regulation of cell apoptosis. [8] It
has been identified as an early diagnostic indicator for severe sepsis/septic shock in
Chinese Guidelines for the Management of Severe Sepsis/Septic Shock (2014) [9] and
Chinese Expert Consensus on Early Prevention and Interruption of Sepsis in
Emergency Medicine (2020). [10] In addition, an increasing number of studies have
recently provided evidence regarding the use of HBP for diagnosing sepsis. The results
demonstrate that HBP could be used for sepsis diagnosis and severity monitoring. [8,
11-14] On the other hand, a few studies have indicated that elevated levels of HBP
irrespective of infectious etiology and no correlation with severity and outcome. [15]
Furthermore, differences and inconsistencies have been noted among various studies
regarding the diagnostic performance of HBP in sepsis. [16, 17] Therefore, it remains
controversial to use HBP for the early diagnosis of sepsis. This study aimed to analyze
the early diagnostic value of HBP in sepsis and develop a sepsis diagnostic model
combining HBP with multiple biomarkers and disease-specific scoring systems

retrospectively to facilitate early identification and diagnosis of sepsis in the ICU.

Methods

Study population

This study included 2080 patients who were admitted to the ICU of the First

Affiliated Hospital of Sun Yat-sen University, China, from March 2019 to December
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2021. Strict inclusion and exclusion criteria were adopted for all patients, with the
following inclusion criteria: (1) patients who underwent HBP detection or whose blood
samples were collected for HBP detection at the time of ICU admission, (2) Integrity
of the clinical data, and (3) age 18 years or older. The exclusion criteria were as follows:
(1) patients with neutropenia due to hematological malignancies, and (2) patients who
underwent immunosuppressive therapy. Patients were categorized into four groups
(infection, sepsis, septic shock, and control groups) based on the final diagnosis at the
time of discharge from the ICU or death, determined by the attending physician. Figure
1 displays the flow diagram of the participants. The protocols were approved by the
Ethics Committee of the First Affiliated Hospital of Sun Yat-sen University and were

conducted in accordance with the Declaration of Helsinki.

Measurement of plasma HBP and clinical data collection

The previously collected blood samples were sent to the central laboratory to
detect plasma HBP levels. Briefly, the blood samples were centrifuged at 1,000
rounds/min for 10 min, and 100 pL of supernatants were collected for plasma level of
HBP determination using an immunofluorescence dry quantitative method (Jet-
1Star3000, Hangzhou, Joinstar Biomedical Technology Co., LTD). The procedure
strictly followed the instructions provided with the reagent kit, and the quality control
was performed well.

General information such as gender, age, underlying diseases, site of infection,
and pathogens were collected. Laboratory tests, such as HBP, procalcitonin (PCT),

6
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white blood cell count (WBC), C-reactive protein (CRP), interleukin-6 (IL-6), and
blood lactate (LAC), were measured at the time of ICU admission. Acute Physiology
and Chronic Health Evaluation II (APACHE II) and Sequential Organ Failure
Assessment (SOFA) scores were calculated within 24 h of ICU admission. The length
of ICU and survival outcomes (3-day improvement rate and 28-day mortality rate) were

also recorded for each group of patients.

Statistical Methods

For baseline measurement data, the median and interquartile range (IQR) were
employed to describe the data. If continuous variables followed a normal distribution,
one-way ANOVA was utilized for intergroup comparisons; otherwise, the Kruskal—
Wallis H test was deployed. Percentage calculations were performed for categorical
data, and differences between groups were tested using the chi-square test or Fisher’s
exact test.

Receiver operating characteristic (ROC) curves were used to assess the diagnostic
performance of HBP, PCT, WBC, CRP, IL-6, LAC, APACHE II score, and SOFA
score for sepsis. The area under the ROC curve (AUC) was calculated. The optimal cut-
off values for diagnosing sepsis were determined based on the maximum Y ouden index,
and the corresponding sensitivity, specificity, positive predictive value (PPV), and
negative predictive value (NPV) were calculated.

To improve the diagnostic performance of sepsis, a multivariate binary logistic
regression model was constructed. Random selection of 70% of all patients was used
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as the training set, whereas the remaining 30% served as the test set to assess the
model’s performance. The AUC was calculated for both the training and test sets. The
Hosmer—-Lemeshow goodness-of-fit test and calibration curve were used to evaluate the
model’s goodness-of-fit for both datasets. Decision curves were plotted to evaluate the
clinical utility of the regression model. All hypothesis tests were two-tailed, with a
significance level of P < 0.050. Statistical analyses were performed using R 4.1.1 and

SPSS 25.0.

Patient and public involvement
This was a retrospective study. No patients or public representatives were involved in

setting the research question, nor in the study design, implementation, or interpretation.

Results
Characteristics of the patients

Finally, 326 patients were enrolled, including 93 in the control group, 94 in the
infection group, 53 in the sepsis group, and 86 in the septic shock group (Figure 1).
Table 1 summarizes the baseline characteristics of the patients. The median ages of
patients in the control group, infection group, sepsis group, and septic shock group were
56, 63, 58, and 64 years, respectively, with statistically significant differences among
the groups (p = 0.023). No significant differences were noted among the groups in terms
of gender, prevalence of hypertension, diabetes, heart disease, malignancy, liver disease,
or other comorbidities.
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The control group consisted of patients who recovered postoperatively from
various surgical procedures, including gastrointestinal, hepatic, vascular, among others.
Patients with infection (including the infection, sepsis, and septic shock groups)
predominantly presented with pulmonary infections (48.9%, 32.1%, and 26.7%,
respectively) and abdominal infections (33.0%, 56.6%, and 73.3%, respectively).
Among all enrolled patients, 32 had positive blood cultures, 76 had positive peritoneal
drainage fluid cultures, and 90 had positive sputum cultures. All patients with sepsis
(including the sepsis and septic shock groups) mainly suffered from bacterial infections
and received antibiotic treatment. The APACHE II and SOFA scores of the sepsis and
septic shock groups were significantly higher than those of the control and infection
groups, with statistically significant differences among the four groups (p < 0.001). In
the prognosis analysis, the 28-day mortality rates for the sepsis and septic shock groups
were 11.32% and 32.56%, respectively, which were significantly higher than those for

the control and infection groups (3.2% and 9.6%) (Table 1).

Levels of HBP and other biomarkers in each group of patients

The median (IQR) HBP levels in the control, infection, sepsis, and septic shock
groups were 18.0 (9.9-32.1), 24.0 (14.1-56.4), 45.7 (24.8-107.9), and 69.0 (33.8-150.9)
ng/mL, respectively (p < 0.001). HBP was capable of effectively distinguishing
between patients with and without infection or sepsis, and its efficacy was superior to
that of IL-6, LAC, and WBC. However, in distinguishing septic patients with or without
shock, HBP was inferior to PCT, IL-6, and LAC. Additionally, no statistically
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significant differences were noted in WBC counts among the groups (Figure 2).

When comparing HBP levels among different infection sites in the infection,
sepsis, and septic shock groups, statistical differences were observed among the
subgroups, except for the multi-infection site (Supplementary Table 1). As the severity
of infection increased, the APACHE II and SOFA scores gradually increased, showing
statistically significant differences. However, no statistical difference was observed

between the infection and the sepsis groups (Figure 2).

Analysis of the diagnostic accuracy of different biomarkers for sepsis

HBP demonstrated promising diagnostic performance for the early detection of
sepsis, with an AUC of 0.733 (95% CI 0.678-0.789), which was significantly higher
than WBC (AUC 0.541, 95% CI 0.474—0.607) and higher than the AUCs of IL-6, LAC,
and APACHE II scores (0.658, 0.632, and 0.688, respectively), but the difference was
not statistically significant. The AUC for HBP was significantly lower than that for
PCT (AUC 0.812, 95% CI 0.766—0.857). When the HBP cut-off value was set at 35.2
ng/mL, the sensitivity, specificity, PPV, and NPV for diagnosing sepsis were 65.5%,

74.9%, 65.9%, and 74.5%, respectively (Table 2, Supplementary Figure 1).

Relationship between HBP and other biomarkers
No significant correlation was observed between HBP levels and CRP, PCT, WBC,

IL-6, LAC, APACHE II scores, and SOFA scores (Supplementary Figure 2).
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Construction of a sepsis diagnostic model

Based on the training set, variables were selected using univariate logistic
regression analysis for patient demographics (such as gender, age, underlying diseases,
infection sites, and pathogens), infection biomarkers (HBP, PCT, WBC, CRP, IL-6,
and LAC), APACHE Il scores, and SOFA scores. Variables with statistical significance
(p < 0.05) were included in the multivariate logistic regression model (Supplementary
Table 2). Statistically significant variables in the univariate analysis were HBP, PCT,
CRP, IL-6, LAC, APACHE II, and SOFA scores. The final multivariate logistic
regression results showed that PCT (OR =1.034, 95% CI 1.009-1.060, p = 0.009), CRP
(OR =1.011, 95% CI 1.006-1.016, p << 0.001), HBP (OR = 1.006, 95% CI 1.000—
1.012, p = 0.041), IL-6 (OR = 1.001 95% CI 1.000-1.001, p = 0.013), SOFA (OR =
1.252, 95% CI 1.110-1.412, p < 0.001) were significantly associated with sepsis
diagnosis. The sepsis diagnostic model was constructed based on the results of logistic

regression, as illustrated in Figure 3.

Validation of the sepsis diagnostic model

To evaluate the predictive performance of the model, the remaining 30% of
patients were used as a test set to validate the model. In the training set, the model
achieved an AUC of 0.901 (95% CI 0.863-0.940). When the Youden index was
maximized, the cut-off value was determined to be 0.439, resulting in a sensitivity of
79.4% and a specificity of 86.5%. In the test set population, the model obtained an AUC
of 0.913 (95% CI 0.860-0.966). Applying the cut-off value obtained from the training

set to the test set, the sensitivity and specificity were 80.5% and 87.7%, respectively
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(Supplementary Figure 3). Furthermore, to obtain a more accurate cut-off value, all
patients were included in the diagnostic model, resulting in a cut-off value of 0.439.
The sensitivity and specificity for diagnosing sepsis with this cut-off value were 79.7%
and 86.9%, respectively.

The diagnostic model constructed using the training set exhibited a good
predictive performance based on the Hosmer-Lemeshow goodness-of-fit test in the
training and test sets (y*>=4.91, p = 0.767; x> = 5.12, p = 0.745; Supplementary Figure
4). Additionally, the decision curve analysis (DCA) plot demonstrated a high clinical
net benefit for the constructed sepsis diagnostic model that surpasses both Treat-all and

Treat-no (Supplementary Figure 5).

Discussion

Sepsis is a major cause of mortality in critically ill patients and is associated with
high morbidity and mortality rates. Approximately 20%-30% of severely infected
patients do not exhibit typical symptoms of organ dysfunction upon admission but
rapidly progress to sepsis. [6] Therefore, early identification of sepsis is crucial for
developing appropriate and effective treatment strategies and reducing mortality.
Clinicians require specific and sensitive biomarkers for the early diagnosis of sepsis.
Currently, WBC, CRP, and PCT are commonly used as inflammatory biomarkers in
clinical practice. [7] However, WBC and CRP are nonspecific markers of systemic
inflammation and cannot effectively differentiate among bacterial, non-bacterial, and
sterile inflammation. PCT has a higher specificity for bacterial infections but performs

12

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘salbojouydal Jejiwis pue ‘Bulurel |y ‘Buiuiw erep pue 1xal 01 pale|al sasn 1o} Buipnjoul ‘1ybiAdos Ag paloaloid .


http://bmjopen.bmj.com/

oNOYTULT D WN =

266

267

268

269

270

271

272

273

274

275

276

277

278

279

280

281

282

283

284

285

286

287

BMJ Open

poorly in predicting sepsis-associated organ dysfunction. [6, 18] In recent years,
numerous studies have proven that HBP has good predictive performance for infection,
sepsis, or organ function assessment, superior to PCT, CRP, and other biomarkers. [6,
8, 11,12,19,20]

HBP, also known as heparin-binding protein (CAP37), is a protein that is stored
in the secretory granules of neutrophils and azurophilic granules. It contains a large
number of positively charged amino acid residues that are concentrated on one side of
the protein. [20] A hydrophobic pocket structure formed by amino acid residues 2044
exhibits a high affinity for endotoxins. [6] Therefore, HBP was initially discovered for
its antimicrobial activity. Subsequent studies have confirmed that HBP is a
multifunctional innate immune defense molecule that plays a crucial role in the host’s
infection and inflammatory responses. [6, 20] These characteristics make HBP a
promising novel infection biomarker. Recent studies have reported that HBP could
assist in diagnosing various diseases, such as respiratory and circulatory failure, sepsis,
acute kidney injury, acute lung injury, meningitis, urinary tract infections, and skin and
soft tissue infections. [6, 8, 11, 21-25] However, its clinical use has not yet been widely
adopted; accordingly, further clinical research is required to validate its utility.

This study further confirms that HBP is a promising biomarker for sepsis. In this
study, HBP levels could effectively differentiate whether patients had an infection and
whether infected patients had sepsis. Furthermore, its discriminative value was found
to be superior to that of the LAC, IL-6, WBC, SOFA, and APACHE II scores. Similar
findings have been previously reported. [7, 11] These results were likely related to the
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biological characteristics of HBP. It is stored in neutrophil secretory granules and
azurophilic granules, and upon stimulation by pathogens, it can be rapidly and
massively released into the bloodstream, inducing rearrangement of the endothelial cell
cytoskeleton, leading to vascular leakage and edema formation. Additionally, HBP
regulates the function of monocytes and macrophages, further amplifying the
inflammatory response and enhancing the body’s immune response to infection.
Moreover, as neutrophils infiltrated into the tissues, HBP continued to be released,
resulting in tissue damage and organ dysfunction. [20, 26] Consequently, HBP levels
were significantly elevated in patients with infection and/or sepsis.

Regarding the diagnostic performance of HBP in sepsis, Linder et al. found that
the AUC of HBP for predicting sepsis was 0.85, with a sensitivity of 87% and
specificity of 95%, which were significantly higher than those of PCT, CRP, WBC, IL-
6, and other biomarkers. [8] Furthermore, HBP can predict the occurrence of organ
dysfunction and circulatory failure at an early stage, providing indications for timely
interventions such as fluid resuscitation and antibiotic use, which are indispensable
components of sepsis bundle therapy. [8, 11, 27] In addition, the favorable predictive
value of HBP was validated in pediatric patients with severe sepsis. [28] The emergence
of this phenomenon was considered to be linked to the pathological process in which
HBP is involved in vascular leakage and organ dysfunction in septic patients, and its
release occurred earlier than CRP, PCT, and other markers. [19, 20, 26] In this study,
the AUC of HBP in predicting sepsis was 0.733, which was not superior to PCT, CRP,
and SOFA. Previous studies have reported varying diagnostic accuracies of HBP for
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sepsis at different time points. [19] In this study, the disease course was relatively later.
Although detecting HBP or collecting blood samples occurred upon admission to the
ICU, the onset time was still later than that in emergency cases. Meta-analyses also
revealed that HBP often performed better in diagnosing sepsis in emergency department
patients compared with ICU patients. [15, 16, 19] Unlike previous studies, this study
involved ICU patients rather than emergency patients. First, the control group in this
study consisted of surgical postoperative recovery patients without infection.
Additionally, ICU patients have more complex conditions, have more severe organ
damage, and require life support, such as ventilators, vasopressors, and continuous renal
replacement therapy (CRRT). Finally, the patients already received various treatments,
such as fluid resuscitation and antibiotics in the emergency room or ward. [29-33] In
summary, these conditions might have some impact on HBP levels, but this study
population was more representative of the actual situation of ICU patients. From
another perspective, this phenomenon also reflects the limitations of a single biomarker,
as it could not fully reflect the clinical reality and accurately diagnose sepsis in the ICU.

The pathophysiological mechanisms that underlie sepsis are complex. They are
involved in different immune states, sites of infection, and pathogens. Immune response
patterns vary, as do the pathophysiological processes of various biomarkers. During its
occurrence and progression, dual factors that simultaneously lead to an exaggerated
inflammatory response and immune dysfunction. Systemic inflammatory responses and
immune suppression do not generally exist as simple independent entities but rather
coexist. Therefore, a single biomarker cannot serve as a reliable diagnostic indicator for

15
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sepsis. [7, 10] In this study, we also observed that HBP showed almost no correlation
with PCT, CRP, IL-6, LAC, APACHE II, and SOFA scores. This suggests that HBP,
as a biomarker, could provide unique information for diagnosing sepsis independent of
other biomarkers. We hypothesized that establishing a diagnostic model combining
HBP with PCT, CRP, IL-6, LAC, APACHE II, SOFA scores, and other indicators could
be a new approach for the early diagnosis of sepsis. Currently, relevant studies have
been conducted in this regard, [34, 35] however, many of the biomarkers mentioned in
the above studies have not been widely used in clinical practice, making them less
practical. In this study, biomarkers commonly used in clinical settings were included.
Based on the ROC analysis of various markers, a sepsis diagnostic model was
constructed using multivariable logistic regression. Upon testing, the sepsis diagnostic
model exhibited an AUC of > 0.90, indicating its high clinical applicability.
Conclusion

This study confirmed the value of plasma HBP levels in the early diagnosis of
sepsis in the ICU. It also constructed an early sepsis diagnostic model that includes
HBP, PCT, CRP, IL-6, and SOFA scores. This model demonstrated a high accuracy
and clinical utility, further enhancing its early predictive role in sepsis. It has potential

clinical diagnostic value for the early detection of sepsis.

Notes
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459  Tables
460  Table 1. Characteristics of the patients.
Control Infection Sepsis Septic shock P
(n=93) (n=94) (n=53) (n=86)
Age, years, 56 63 58 64 0.023
median (IQR) (45.0-69.0) (51.0-73.8) (49.0-70.0) (53.0 - 70.0)
Sex, male, n (%) 50 (53.8) 64 (68.1) 34 (64.2) 53 (61.6) 0.237
Comorbidity, n (%)
Hypertension 30(32.3) 38 (40.4) 15 (28.3) 29 (33.7) 0.459
Diabetes 15 (16.1) 25 (26.6) 10 (18.9) 15 (17.4) 0.281
Cardiovascular 21 (22.6) 24 (25.5) 509.4) 15(17.4) 0.100
Liver disease 3(3.2) 33.2) 3(5.7) 5(5.8) 0.739
Malignant tumor 34 (36.6) 36 (38.3) 18 (34.0) 42 (48.8) 0.243
Others 26 (28.0) 47 (50.0) 15 (28.3) 37 (43.0) 0.005
Source of infection, n (%)
Abdomen - 31(33.0) 30 (56.6) 63 (73.3) <0.001
Respiratory - 46 (48.9) 17 (32.1) 23 (26.7) 0.006
Blood - 4(4.3) 8 (15.1) 16 (18.6) 0.009
Skin and soft tissues - 16 (17.0) 5(9.4) 8(9.3) 0.220
Others - 6 (6.4) 8 (15.1) 5(5.8) 0.109
Pathogens, n (%)
Escherichia coli 3(3.2) 9(9.6) 9(17.0) 24 (27.9) <0.001
Klebsiella genus 1(1.1) 8 (8.5) 8 (15.1) 14 (16.3) 0.003
Other Enterobacteriaceae 2(2.2) 2(2.1) 4(7.6) 9(10.5) 0.030
Pseudomonas aeruginosa 1(1.1) 5(5.3) 7(13.2) 9 (10.5) 0.015
Acinetobacter baumannii 1(1.1) 7(7.5) 4(7.6) 44.7) 0.112
Stenotrophomonas maltophilia 1(1.1) 2(2.1) 1(1.9) 11(12.8) 0.001
Enterococcus 1(1.1) 8 (8.5) 9 (17.0) 19 (22.1) <0.001
Other Gram-negative bacteria 1(1.1) 0(0.0) 2 (3.8) 9 (10.5) 0.001
Staphylococcus 1(1.1) 12 (12.8) 5(9.4) 7 (8.1) 0.024
Streptococcus 2(2.2) 1(1.1) 1(1.9) 3(3.5) 0.752
Anaerobic bacteria 1(1.1) 1(1.1) 1(1.9) 44.7) 0.377
Fungi 3(3.2) 17 (18.1) 14 (26.4) 38 (44.1) <0.001
APACHE II score, 9.0 12.0 13.0 16.5 <0.001
median (IQR) (7.0-12.0)  (9.0-16.0)  (9.00-18.0) (12.0-21.0)
SOFA score*, 2.0 4.0 5.0 10.0 <0.001
median (IQR) (1.0 - 5.0) (2.3-17.0) (3.0 -7.0) (7.0 - 13.0)
Length of ICU stay, days 2.0 5.0 6.0 8.0 <0.001
median (IQR) (1.0 - 4.0) (3.0-17.8) (3.0 - 10.0) (4.0 - 13.0) ’
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3-day improvement, n (%) 88 (94.6) 83 (88.3) 47 (88.7) 64 (74.4) 0.001

28-day overall mortality, n (%) 3(3.2) 9 (9.6) 6 (11.3) 28 (32.6) <0.001

oNOYTULT D WN =

461
462
463
464

465

466

467

468

469

470

471

APACHE II score: acute physiology and chronic health evaluation II score, ICU: intensive care unit,
IQR: interquartile range, SOFA score: sequential organ failure assessment score. * The absolute

values of SOFA scores.

Table 2. Performance of biomarkers to discriminate sepsis from non-sepsis.

Variable AUC (95% CI)

Cut-off  Sensitivity
(%)

value

Specificity

(o)

PPV
(%)

NPV P

(%)

HBP 0.733 (0.678 - 0.789)
IL-6 0.658 (0.595 - 0.72)

WBC 0.541 (0.474 - 0.607)
PCT 0.812 (0.766 - 0.857)
CRP 0.775 (0.724 - 0.827)
LAC 0.632 (0.571 - 0.694)
APACHEII  0.688 (0.630 - 0.747)
SOFA 0.801 (0.755 - 0.848)

35.2
328.9
21.0
0.9
107.7
1.9
12.5
4.5

65.5
48.2
20.1
85.6
66.9
53.2
65.5
83.5

74.9
82.4
95.7
59.9
77.0
72.2
63.6

62.0

65.9
67.0
77.8
61.1
68.4
58.7
64.3
68.7

74.5
68.1
61.7
84.2
75.8
67.5
64.8

79.0

0.060
<0.001
0.021
0.237
0.185
0.128
0.064

APACHE II: acute physiology and chronic health evaluation II, CRP: C-reactive protein, HBP:

heparin-binding protein, LAC: blood lactic acid, PCT: procalcitonin, IL-6: interleukin-6, SOFA:

sequential organ failure assessment, WBC: white blood cell count. The P values between AUCs

compared to HBP.
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Figure legends

Figure 1. The flow diagram of participants. HBP: heparin-binding protein, ICU: intensive care unit.

Figure 2. Comparison of plasma levels of biomarkers among different groups. A: HBP, B: PCT,

C: WBC, D: CRP, E: IL-6, F: LAC, G: APACHE II, H: SOFA. APACHE II: acute physiology and

chronic health evaluation II, CRP: C-reactive protein, HBP: heparin-binding protein, LAC: blood

lactic acid, PCT: procalcitonin, IL-6: interleukin-6, SOFA: sequential organ failure assessment,

WBC: white blood cell count. *: P <0.05; **: P<0.01; ***: P<0.001.

Figure 3. A nomogram predicting the risk of sepsis for patients. The value of each of variable was

given a score on the point scale axis. A total score could be easily calculated by adding each single

score and by projecting the total score to the lower total point scale. We were able to estimate the

probability of sepsis. CRP: C-reactive protein, HBP: heparin-binding protein, PCT: procalcitonin,

IL-6: interleukin-6, SOFA: sequential organ failure assessment.
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9 2080 Patients admitted into ICU

10 1754 Excluded
# 1087 HBP had not been tested or
had not collected blood samples
12 # 92 Patients with neutropenia due
13 to hematological malignancies
14 416 Putients 4 575 Patients who underwent
immunosuppressive therapy.

Control group Infection group Sepsis group Septic shock group
20 93 Patients 94 Patients 53 Patients 86 Patients

25 Figure 1. The flow diagram of participants. HBP: heparin-binding protein, ICU: intensive care unit.

27 338x190mm (54 x 54 DPI)

60 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

'saifojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xal 01 pale|al sasn 1o Buipnjoul ‘1ybliAdod Aq paloalold
" 1sanb Aq G20z ‘0T Jeqwardas uo jwod fwg uadolwag//:dny woly papeojumoq +20Z aunc 0T uo 2898/0-£202-uadolwa/oeTT 0T Se paysiignd 1si1y :uadO CING


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open
A HBP 8 PCT ¢ WBC D CRP
200 =
400 L 30- —
= :.‘. 40 vl
T — 400 —_—
__. 300~ — 20- L= | L =
2 220 r;3_30 3001 a5
5 E 2
T 200 = 5]
=] < g
=S o

il
II |
Il
-
=
|
i
PCT(mg/ml)
i

5 - — AL 0 £ o L L
3 3 o 3 2 3 N
& & g & “ & e & & & &L & &° &
& il 26 ° A5 3 5 3¢ S A%
(P\* & 6& “_'a (PO v of _\‘_’a OGQ & GJQ,Q -\aé o"(\ & EJQQ ‘@a
& QG) & Q&; & o & &E
# Ea o o
E IL-6 F LAC G Apacheii H SOFA
6000~ - e 30 K
1 | e v
- 1 15 e ——— B0 had e
T T 1
i = o - I
F 4000 = g @20
B g 10- 2 40- 8
z £ £ T 5 -
= E T 3 8
= 2000- — ot T 10 -
T “ E E m
5. - — - — o = + + ol = o
> & & Nl & & ol > & & > o & ol
3 i & & & 9 & Gl &£ ) > & © & &
A By O O 53 S o <§ e
& & F 0 N & & S & & &
& § QQ‘v & =) S @Qa
-4 E o &

Comparison of plasma levels of biomarkers among different groups. A: HBP, B: PCT, C: WBC, D: CRP, E: IL-
6, F: LAC, G: APACHE II, H: SOFA. APACHE II: acute physiology and chronic health evaluation II, CRP: C-
reactive protein, HBP: heparin-binding protein, LAC: blood lactic acid, PCT: procalcitonin, IL-6: interleukin-6,
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< 0.001.
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Figure 3. A nomogram predicting the risk of sepsis for patients. The value of each of variable was given a
score on the point scale axis. A total score could be easily calculated by adding each single score and by

projecting the total score to the lower total point scale. We were able to estimate the probability of sepsis.

CRP: C-reactive protein, HBP: heparin-binding protein, PCT: procalcitonin, IL-6: interleukin-6, SOFA:
sequential organ failure assessment.
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Supplementary Table 1. The comparison of HBP among different sites.

Infection Sepsis Septic shock P
Abdomen, 24.8 44.7 78.0 <0.00]
median (IQR) (14.0-74.5) (25.9-108.0) (38.6-156.3.0) ’
median (IQR) (10.8-55.3) (37.8-73.9) (14.1-300) ’
Blood . 80.4 207.6
median (IQR) 93 @5.1-1156)  (176.6-238.6) 0001
Skin and soft tissues 25.5 27.3 61.8 0.027
median (IQR) (19.1-37.3) (14.6-41.4) (36.2-136) )
Other 18.3 45.6 22.6 0.007
median (IQR) (14.5-22.5) (27.0-64.3) (19.5-86.7) )
Multi-infection site 227 37.7 39.0 0.333
median (IQR) (20.9-32.8) (18.0-110.6) (23.7-134.6) )

* Only one patient with bloodstream infection in the infection group, IQR: interquartile range.

Supplementary Table 2. Univariate and multivariate logistic regression analysis of risk factors for

sepsis diagnosis.

Univariate logistic regression

Multivariate logistic regression

Variable analysis analysis
OR (95%CI) P OR (95%CI) P
Age 1.009 (0.993, 1.026) 0.276
Sex 1.169 (0.683, 1.999) 0.569
Hypertension 0.795 (0.450, 1.402) 0.427
Diabetes 0.801 (0.418, 1.538) 0.505
Cardiovascular 0.538 (0.288, 1.182) 0.135
Liver disease 1.572 (0.411, 6.014) 0.509
Malignant tumor 1.471 (0.861, 2.514) 0.158
Other disease 0.998 (0.582, 1.712) 0.994
PCT 1.068 (1.037,1.101) <0.001 1.034 (1.009, 1.060) 0.009
CRP 1.014 (1.009, 1.018) <0.001 1.011 (1.006, 1.016) <0.001
HBP 1.011 (1.006, 1.016) <0.001 1.006 (1.000, 1.012) 0.041
IL-6 1.001 (1.000, 1.001) <0.001 1.001 (1.000, 1.001) 0.013
LAC 1.198 (1.062, 1.352) 0.003
WBC 1.034 (0.992, 1.076) 0.111
APACHE II 1.108 (1.067, 1.152) <0.001
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1.383 (1.276, 1.501)

<0.001

1.252 (1.110, 1.412)

<0.001

APACHE II: acute physiology and chronic health evaluation II, CRP: C-reactive protein, HBP:
heparin-binding protein, LAC: blood lactic acid, PCT: procalcitonin, IL-6: interleukin-6, SOFA:

sequential organ failure assessment, WBC: white blood cell count.

1.00-

Sensitivity
5 .

I
B

Sensitivity
o °
2

o
B

0.00-

0.00

025 050 075
1-Specificity

025

HBP B PCT

Sensitivity

AUC: 0.733 (0.678-0.788) ACU: 0.812 (0.766-0.857)

1.00 6.00 0.25 0.50 075
1-Specificity
IL-8 F LAC

Sensitivity
g c

AUC: 0.658 (0.595-0.720) AUC: 0.632 (0.571-0.694)

ors 1.00 0.00 025

050 050 07s
1-Specificity 1-Specificity

Sensitivity

Sensitivity

0.2

AUC: 0,688 (0.630-0.747)

azs

5 050
1-Specificity
Apacheii

050
1-Specificity

AUC: 0.541 (0.474-0.607)

075

05

Sensitivity

Sensitivity

02

025

CPR

AUC: 0.755 (0.724-0.827)

5 050 075
1-Specificity
SOFA

AUC: 0.801 (0.755-0.848)

5 050 075 100
1-Specificity

Supplementary Figure 1. ROC curves for biomarkers in distinguishing sepsis from non-sepsis. A:
HBP, B: PCT, C: WBC, D: CRP, E: IL-6, F: LAC, G: APACHE II, H: SOFA. APACHE II: acute
physiology and chronic health evaluation II, CRP: C-reactive protein, HBP: heparin-binding

protein, LAC: blood lactic acid, PCT: procalcitonin, IL-6: interleukin-6, SOFA: sequential organ

failure assessment, WBC: white blood cell count.

2

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

~

e

e

‘salbojouydal Jejiwis pue ‘Bulurel |y ‘Buiuiw erep pue 1xal 01 pale|al sasn 1o} Buipnjoul ‘1ybiAdos Ag paloaloid


http://bmjopen.bmj.com/

oNOYTULT D WN =

19
20
21
22
23

24

25

BMJ Open
A CRP 1=0.30* B PCT r=0.14 C WBC r=0.17*
. L] L] L]
300- e o% 1500~ “ .
= g
:'. : * . 0 : =
. ‘:‘ S . =)
o S0 oo S Ji . 30-
200- .li -~ ®e 5 e ® 1000-
W5 %
‘t T 20-
100 - > ." *e : 500- .
z-- O s . 10
. L . .
. . . e o
0- ® 3% . . i) ) 0
0 100 200 300 0 100 200 300
D Lacr=0.15" E Apacheii r=0.12"
15- ee ® . . 50 .
= 20-
L]
* o 40-
10 T 5 = .
= e  30- -
. L] .
s 10- .
‘ & 20- H
5= . H
. 5= .
% o 10- .

- ] wm—e o ®
? 4‘ ee o ™ - »
0- : L) SN 0- - o ¢ @ o
0 100 200 300 0 100 200 300

G L6 =0.16*

5000 - ecmeses . L] LR} . L ]
4000 -

3000~ &

2000 -

1000 =

HBP

Supplementary Figure 2. The correlations of HBP with CRP (A), PCT (B), WBC (C), LAC (D),
APACHE II (E), SOFA (F), and IL-6(G). APACHE II: acute physiology and chronic health
evaluation II, CRP: C-reactive protein, LAC: blood lactic acid, PCT: procalcitonin, IL-6:
interleukin-6, SOFA: sequential organ failure assessment, WBC: white blood cell count.
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Supplementary Figure 3. ROC curve analysis of the sepsis training model and test model.
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Supplementary Figure 4. Calibration test of the sepsis diagnostic model. A: training set, B: test set.
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Supplementary Figure 5. Decision curve analysis (DCA) curve of the sepsis diagnostic model. A:

training set, B: test set. The black solid line is the net benefit of treating no patients, the black

dashed line is the net benefit of treating all patients, the orange solid line is the net benefit of

treating patients according to the sepsis diagnostic model. Throughout the entire threshold

range(x-axis), the sepsis diagnostic model surpasses both Treat-all and Treat-no.
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Abstract

Objectives: This study aims to investigate the diagnostic value of heparin-binding
protein (HBP) in sepsis and develop a sepsis diagnostic model incorporating HBP with
key biomarkers and disease-related scores for rapid, and accurate diagnosis of sepsis in
the intensive care unit (ICU).

Design: Clinical retrospective cross-sectional study.

Setting: A comprehensive teaching tertiary hospital in China.

Participants: Adult patients (age >18years) who underwent HBP testing or whose
blood samples were collected when admitted to the ICU.

Main outcome measures: HBP, C-reactive protein (CRP), procalcitonin (PCT), white
blood cell count (WBC), interleukin-6 (IL-6), lactate (LAC), acute physiology and
chronic health evaluation II (APACHE II), and sequential organ failure assessment
(SOFA) score were recorded.

Results: Between March 2019 and December 2021, 326 patients were enrolled in this
study. The patients were categorized into a non-infection group (control group),
infection group, sepsis group, and septic shock group based on the final diagnosis. The
HBP levels in the sepsis group and septic shock group were 45.7 and 69.0 ng/mL,
respectively, which were significantly higher than those in the control group (18.0
ng/mL) and infection group (24.0 ng/mL) (p < 0.001). The AUC value of HBP for
diagnosing sepsis was 0.733, which was lower than those corresponding to PCT, CRP,
and SOFA but higher than those of IL-6, LAC, and APACHE II. Multivariate logistic
regression analysis identified HBP, PCT, CRP, IL-6, and SOFA as valuable indicators
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for diagnosing sepsis. A sepsis diagnostic model was constructed based on these
indicators, with an AUC of 0.901, a sensitivity of 79.7%, and a specificity of 86.9%.

Conclusions: HBP could serve as a biomarker for the diagnosis of sepsis in the ICU.
Compared with single indicators, the sepsis diagnostic model constructed using HBP,

PCT, CRP, IL-6, and SOFA further enhanced the diagnostic performance of sepsis.

Strengths and limitations of this study

® This study included a highly heterogeneous population, making it highly applicable
to patients with sepsis in the ICU.

® Moreover, most of the biomarkers included in this diagnostic model are widely
used in clinical practice, making them easily obtainable, highly reproducible, and
operationally feasible.

® This was an ICU single-center retrospective study, and the results might be
inapplicable to sepsis patients in other settings.

® The SOFA scores in the study were absolute values automatically obtained by the
electronic scoring system rather than the delta values.

® Jts design dose not allow for the determination of causal relationships.

Keywords: HBP, Sepsis, Diagnostic model

Background
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Sepsis is a life-threatening organ dysfunction caused by dysregulated host
response to infection. Sepsis, when accompanied by severe circulatory impairment and
cellular metabolic disorders, is referred to as septic shock and is the leading cause of
death in patients with sepsis. [1] With the aging population and increase in
immunocompromised hosts, the incidence of sepsis has recently been rising. The
Global Burden of Sepsis study published in 2020 reported 48.9 million cases of sepsis
worldwide in 2017, with 11 million deaths attributed to sepsis, accounting for 19.7%
of the global deaths. [2] Another domestic study showed that the incidence of sepsis in
the intensive care unit (ICU) was 20.6%, with a 90-day mortality rate of 35.5%, and the
mortality rate for septic shock was as high as 50% or more. [3] Im et al. demonstrated
that the mortality rate of septic shock is correlated with hypotension and the delayed
use of antibiotics. [4] Another study indicated that early fluid resuscitation is closely
linked to the prognosis of patients with sepsis. [5] Therefore, early diagnosis and timely
and appropriate treatment are crucial for sepsis management.

Early diagnosis and identification of sepsis require a comprehensive approach
based on the patient’s clinical symptoms, conventional cultures, biomarkers, and
disease-specific scoring systems. However, the clinical symptoms and signs of sepsis
are often nonspecific, and conventional pathogen cultures are relatively delayed. [6]
Therefore, the early diagnosis of sepsis in the ICU mainly relies on biomarkers and
disease-specific scoring systems. Currently, there are over 200 sepsis-related
biomarkers have been reported in the literature, among which heparin-binding protein
(HBP) is a novel biomarker. [7] HBP is a serine protease-like protein secreted by

4
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neutrophils after infection that has functions such as altering endothelial cell
permeability, antimicrobial activity, chemotaxis, and regulation of cell apoptosis. [8] It
has been identified as an early diagnostic indicator for severe sepsis/septic shock in
Chinese Guidelines for the Management of Severe Sepsis/Septic Shock (2014) [9] and
Chinese Expert Consensus on Early Prevention and Interruption of Sepsis in
Emergency Medicine (2020). [10] In addition, an increasing number of studies have
recently provided evidence regarding the use of HBP for diagnosing sepsis. The results
demonstrate that HBP could be used for sepsis diagnosis and severity monitoring. [8,
11-14] On the other hand, a few studies have indicated that elevated levels of HBP
irrespective of infectious etiology and no correlation with severity and outcome. [15]
Furthermore, differences and inconsistencies have been noted among various studies
regarding the diagnostic performance of HBP in sepsis. [16, 17] Therefore, it remains
controversial to use HBP for the early diagnosis of sepsis. This study aimed to analyze
the diagnostic value of HBP in sepsis and develop a sepsis diagnostic model combining
HBP with multiple biomarkers and disease-specific scoring systems retrospectively to

facilitate identification and diagnosis of sepsis in the ICU.

Methods
Study population

This study included 2080 patients who were admitted to the ICU of the First
Affiliated Hospital of Sun Yat-sen University, China, from March 2019 to December
2021. Strict inclusion and exclusion criteria were adopted for all patients, with the

5
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following inclusion criteria: (1) patients who underwent HBP detection or whose blood
samples were collected for HBP detection at the time of ICU admission, (2) Integrity
of the clinical data, and (3) age 18 years or older. The exclusion criteria were as follows:
(1) patients with neutropenia due to hematological malignancies, and (2) patients who
underwent immunosuppressive therapy. Patients were categorized into four groups
(infection, sepsis, septic shock, and control groups) based on the final diagnosis at the
time of discharge from the ICU or death, determined by the attending physician. Figure
1 displays the flow diagram of the participants. The protocols were approved by the
Ethics Committee of the First Affiliated Hospital of Sun Yat-sen University and were

conducted in accordance with the Declaration of Helsinki.

Measurement of plasma HBP and clinical data collection

The previously collected blood samples were sent to the central laboratory to
detect plasma HBP levels. Briefly, the blood samples were centrifuged at 1,000
rounds/min for 10 min, and 100 pL of supernatants were collected for plasma level of
HBP determination using an immunofluorescence dry quantitative method (Jet-
1Star3000, Hangzhou, Joinstar Biomedical Technology Co., LTD). The procedure
strictly followed the instructions provided with the reagent kit, and the quality control
was performed well.

General information such as gender, age, underlying diseases, site of infection,
and pathogens were collected. Laboratory tests, such as HBP, procalcitonin (PCT),
white blood cell count (WBC), C-reactive protein (CRP), interleukin-6 (IL-6), and

6
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blood lactate (LAC), were measured at the time of ICU admission. Acute Physiology
and Chronic Health Evaluation II (APACHE II) and Sequential Organ Failure
Assessment (SOFA) scores were calculated within 24 h of ICU admission. The length
of ICU and survival outcomes (3-day improvement rate and 28-day mortality rate) were

also recorded for each group of patients.

Statistical Methods

For baseline measurement data, the median and interquartile range (IQR) were
employed to describe the data. If continuous variables followed a normal distribution,
one-way ANOVA was utilized for intergroup comparisons; otherwise, the Kruskal—
Wallis H test was deployed. Percentage calculations were performed for categorical
data, and differences between groups were tested using the chi-square test or Fisher’s
exact test.

Receiver operating characteristic (ROC) curves were used to assess the diagnostic
performance of HBP, PCT, WBC, CRP, IL-6, LAC, APACHE II score, and SOFA
score for sepsis. The area under the ROC curve (AUC) was calculated. The optimal cut-
off values for diagnosing sepsis were determined based on the maximum Y ouden index,
and the corresponding sensitivity, specificity, positive predictive value (PPV), and
negative predictive value (NPV) were calculated.

To improve the diagnostic performance of sepsis, a multivariate binary logistic
regression model was constructed. Random selection of 70% of all patients was used
as the training set, whereas the remaining 30% served as the test set to assess the
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model’s performance. The AUC was calculated for both the training and test sets. The
Hosmer—Lemeshow goodness-of-fit test and calibration curve were used to evaluate the
model’s goodness-of-fit for both datasets. Decision curves were plotted to evaluate the
clinical utility of the regression model. All hypothesis tests were two-tailed, with a
significance level of P < 0.050. Statistical analyses were performed using R 4.1.1 and

SPSS 25.0.

Patient and public involvement
This was a retrospective study. No patients or public representatives were involved in

setting the research question, nor in the study design, implementation, or interpretation.

Results
Characteristics of the patients

Finally, 326 patients were enrolled, including 93 in the control group, 94 in the
infection group, 53 in the sepsis group, and 86 in the septic shock group (Figure 1).
Table 1 summarizes the baseline characteristics of the patients. The median ages of
patients in the control group, infection group, sepsis group, and septic shock group were
56, 63, 58, and 64 years, respectively, with statistically significant differences among
the groups (p = 0.023). No significant differences were noted among the groups in terms
of gender, prevalence of hypertension, diabetes, heart disease, malignancy, liver disease,
or other comorbidities.

The control group consisted of patients who recovered postoperatively from
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various surgical procedures, including gastrointestinal, hepatic, vascular, among others.
Patients with infection (including the infection, sepsis, and septic shock groups)
predominantly presented with pulmonary infections (48.9%, 32.1%, and 26.7%,
respectively) and abdominal infections (33.0%, 56.6%, and 73.3%, respectively).
Among all enrolled patients, 32 had positive blood cultures, 76 had positive peritoneal
drainage fluid cultures, and 90 had positive sputum cultures. All patients with sepsis
(including the sepsis and septic shock groups) mainly suffered from bacterial infections
and received antibiotic treatment. The APACHE II and SOFA scores of the sepsis and
septic shock groups were significantly higher than those of the control and infection
groups, with statistically significant differences among the four groups (p < 0.001). In
the prognosis analysis, the 28-day mortality rates for the sepsis and septic shock groups
were 11.32% and 32.56%, respectively, which were significantly higher than those for

the control and infection groups (3.2% and 9.6%) (Table 1).

Levels of HBP and other biomarkers in each group of patients

The median (IQR) HBP levels in the control, infection, sepsis, and septic shock
groups were 18.0 (9.9-32.1), 24.0 (14.1-56.4), 45.7 (24.8-107.9), and 69.0 (33.8-150.9)
ng/mL, respectively (p < 0.001). HBP was capable of effectively distinguishing
between patients with and without infection or sepsis, and its efficacy was superior to
that of IL-6, LAC, and WBC. However, in distinguishing septic patients with or without
shock, HBP was inferior to PCT, IL-6, and LAC. Additionally, no statistically
significant differences were noted in WBC counts among the groups (Figure 2).

9
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When comparing HBP levels among different infection sites in the infection,
sepsis, and septic shock groups, statistical differences were observed among the
subgroups, except for the multi-infection site (Supplementary Table 1). As the severity
of infection increased, the APACHE II and SOFA scores gradually increased, showing
statistically significant differences. However, no statistical difference was observed

between the infection and the sepsis groups (Figure 2).

Analysis of the diagnostic accuracy of different biomarkers for sepsis

HBP demonstrated promising diagnostic performance for the detection of sepsis,
with an AUC 0f 0.733 (95% CI 0.678-0.789), which was significantly higher than WBC
(AUC 0.541, 95% CI 0.474-0.607) and higher than the AUCs of IL-6, LAC, and
APACHE II scores (0.658, 0.632, and 0.688, respectively), but the difference was not
statistically significant. The AUC for HBP was significantly lower than that for PCT
(AUC 0.812,95% CI10.766—0.857). When the HBP cut-off value was set at 35.2 ng/mL,
the sensitivity, specificity, PPV, and NPV for diagnosing sepsis were 65.5%, 74.9%,

65.9%, and 74.5%, respectively (Table 2, Supplementary Figure 1).

Relationship between HBP and other biomarkers
No significant correlation was observed between HBP levels and CRP, PCT, WBC,

IL-6, LAC, APACHE II scores, and SOFA scores (Supplementary Figure 2).

Construction of a sepsis diagnostic model

10
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Based on the training set, variables were selected using univariate logistic
regression analysis for patient demographics (such as gender, age, underlying diseases,
infection sites, and pathogens), infection biomarkers (HBP, PCT, WBC, CRP, IL-6,
and LAC), APACHE II scores, and SOFA scores. Variables with statistical significance
(p < 0.05) were included in the multivariate logistic regression model (Supplementary
Table 2). Statistically significant variables in the univariate analysis were HBP, PCT,
CRP, IL-6, LAC, APACHE II, and SOFA scores. The final multivariate logistic
regression results showed that PCT (OR = 1.034, 95% CI 1.009-1.060, p = 0.009), CRP
(OR =1.011, 95% CI 1.006-1.016, p < 0.001), HBP (OR = 1.006, 95% CI 1.000—
1.012, p = 0.041), IL-6 (OR = 1.001 95% CI 1.000-1.001, p = 0.013), SOFA (OR =
1.252, 95% CI 1.110-1.412, p < 0.001) were significantly associated with sepsis
diagnosis. The sepsis diagnostic model was constructed based on the results of logistic

regression, as illustrated in Figure 3.

Validation of the sepsis diagnostic model

To evaluate the predictive performance of the model, the remaining 30% of
patients were used as a test set to validate the model. In the training set, the model
achieved an AUC of 0.901 (95% CI 0.863-0.940). When the Youden index was
maximized, the cut-off value was determined to be 0.439, resulting in a sensitivity of
79.4% and a specificity of 86.5%. In the test set population, the model obtained an AUC
0f 0.913 (95% CI 0.860—0.966). Applying the cut-off value obtained from the training

set to the test set, the sensitivity and specificity were 80.5% and 87.7%, respectively
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(Supplementary Figure 3). Furthermore, to obtain a more accurate cut-off value, all
patients were included in the diagnostic model, resulting in a cut-off value of 0.439.
The sensitivity and specificity for diagnosing sepsis with this cut-off value were 79.7%
and 86.9%, respectively.

The diagnostic model constructed using the training set exhibited a good
predictive performance based on the Hosmer-Lemeshow goodness-of-fit test in the
training and test sets (y>=4.91, p = 0.767; x*= 5.12, p = 0.745; Supplementary Figure
4). Additionally, the decision curve analysis (DCA) plot demonstrated a high clinical
net benefit for the constructed sepsis diagnostic model that surpasses both Treat-all and

Treat-no (Supplementary Figure 5).

Discussion

Sepsis is a major cause of mortality in critically ill patients and is associated with
high morbidity and mortality rates. Approximately 20%-30% of severely infected
patients do not exhibit typical symptoms of organ dysfunction upon admission but
rapidly progress to sepsis. [6] Therefore, early identification of sepsis is crucial for
developing appropriate and effective treatment strategies and reducing mortality.
Clinicians require specific and sensitive biomarkers for the early diagnosis of sepsis.
Currently, WBC, CRP, and PCT are commonly used as inflammatory biomarkers in
clinical practice. [7] However, WBC and CRP are nonspecific markers of systemic
inflammation and cannot effectively differentiate among bacterial, non-bacterial, and
sterile inflammation. PCT has a higher specificity for bacterial infections but performs
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poorly in predicting sepsis-associated organ dysfunction. [6, 18] In recent years,
numerous studies have proven that HBP has good predictive performance for infection,
sepsis, or organ function assessment, superior to PCT, CRP, and other biomarkers. [6,
8,11, 12,19, 20]

HBP, also known as heparin-binding protein (CAP37), is a protein that is stored
in the secretory granules of neutrophils and azurophilic granules. It contains a large
number of positively charged amino acid residues that are concentrated on one side of
the protein. [20] A hydrophobic pocket structure formed by amino acid residues 2044
exhibits a high affinity for endotoxins. [6] Therefore, HBP was initially discovered for
its antimicrobial activity. Subsequent studies have confirmed that HBP is a
multifunctional innate immune defense molecule that plays a crucial role in the host’s
infection and inflammatory responses. [6, 20] These characteristics make HBP a
promising novel infection biomarker. Recent studies have reported that HBP could
assist in diagnosing various diseases, such as respiratory and circulatory failure, sepsis,
acute kidney injury, acute lung injury, meningitis, urinary tract infections, and skin and
soft tissue infections. [6, 8, 11, 21-25] However, its clinical use has not yet been widely
adopted; accordingly, further clinical research is required to validate its utility.

This study further confirms that HBP is a promising biomarker for sepsis. In this
study, HBP levels could effectively differentiate whether patients had an infection and
whether infected patients had sepsis. Furthermore, its discriminative value was found
to be superior to that of the LAC, IL-6, WBC, SOFA, and APACHE II scores. Similar
findings have been previously reported. [7, 11] These results were likely related to the
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biological characteristics of HBP. It is stored in neutrophil secretory granules and
azurophilic granules, and upon stimulation by pathogens, it can be rapidly and
massively released into the bloodstream, inducing rearrangement of the endothelial cell
cytoskeleton, leading to vascular leakage and edema formation. Additionally, HBP
regulates the function of monocytes and macrophages, further amplifying the
inflammatory response and enhancing the body’s immune response to infection.
Moreover, as neutrophils infiltrated into the tissues, HBP continued to be released,
resulting in tissue damage and organ dysfunction. [20, 26] Consequently, HBP levels
were significantly elevated in patients with infection and/or sepsis.

Regarding the diagnostic performance of HBP in sepsis, Linder et al. found that
the AUC of HBP for predicting sepsis was 0.85, with a sensitivity of 87% and
specificity of 95%, which were significantly higher than those of PCT, CRP, WBC, IL-
6, and other biomarkers. [8] Furthermore, HBP can predict the occurrence of organ
dysfunction and circulatory failure at an early stage, providing indications for timely
interventions such as fluid resuscitation and antibiotic use, which are indispensable
components of sepsis bundle therapy. [8, 11, 27] In addition, the favorable predictive
value of HBP was validated in pediatric patients with severe sepsis. [28] The emergence
of this phenomenon was considered to be linked to the pathological process in which
HBP is involved in vascular leakage and organ dysfunction in septic patients, and its
release occurred earlier than CRP, PCT, and other markers. [19, 20, 26] In this study,
the AUC of HBP in predicting sepsis was 0.733, which was not superior to PCT, CRP,
and SOFA. Previous studies have reported varying diagnostic accuracies of HBP for
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sepsis at different time points. [19] In this study, patients underwent HBP testing upon
ICU admission or had plasma collected at that time for subsequent HBP assessment.
Consequently, HBP levels were measured for all patients at the time of I[CU admission.
Since a definitive diagnosis of sepsis required a comprehensive evaluation based on
subsequent examinations, diagnoses were collected after patient discharge or death.
Therefore, the timing of HBP testing or blood sample collection preceded the definitive
diagnosis but might not represent the early stage of sepsis. Based on this, HBP did not
demonstrate high diagnostic efficiency for the early detection of sepsis in this study.
Meta-analyses also revealed that HBP often performed better in diagnosing sepsis in
emergency department patients compared with ICU patients. [15, 16, 19] Unlike
previous studies, this study involved ICU patients rather than emergency patients. First,
the control group in this study consisted of surgical postoperative recovery patients
without infection. Additionally, ICU patients have more complex conditions, have
more severe organ damage, and require life support, such as ventilators, vasopressors,
and continuous renal replacement therapy (CRRT). Finally, the patients already
received various treatments, such as fluid resuscitation and antibiotics in the emergency
room or ward. [29-33] In summary, these conditions might have some impact on HBP
levels, but this study population was more representative of the actual situation of ICU
patients. From another perspective, this phenomenon also reflects the limitations of a
single biomarker, as it could not fully reflect the clinical reality and accurately diagnose
sepsis in the ICU.

The pathophysiological mechanisms that underlie sepsis are complex. They are
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involved in different immune states, sites of infection, and pathogens. Immune response
patterns vary, as do the pathophysiological processes of various biomarkers. During its
occurrence and progression, dual factors that simultaneously lead to an exaggerated
inflammatory response and immune dysfunction. Systemic inflammatory responses and
immune suppression do not generally exist as simple independent entities but rather
coexist. Therefore, a single biomarker cannot serve as a reliable diagnostic indicator for
sepsis. [7, 10] In this study, we also observed that HBP showed almost no correlation
with PCT, CRP, IL-6, LAC, APACHE II, and SOFA scores. This suggests that HBP,
as a biomarker, could provide unique information for diagnosing sepsis independent of
other biomarkers. We hypothesized that establishing a diagnostic model combining
HBP with PCT, CRP, IL-6, LAC, APACHE II, SOFA scores, and other indicators could
be a new approach for the diagnosis of sepsis. Currently, relevant studies have been
conducted in this regard, [34, 35] however, many of the biomarkers mentioned in the
above studies have not been widely used in clinical practice, making them less practical.
In this study, biomarkers commonly used in clinical settings were included. Based on
the ROC analysis of various markers, a sepsis diagnostic model was constructed using
multivariable logistic regression. Upon testing, the sepsis diagnostic model exhibited
an AUC of > 0.90, indicating its high clinical applicability.
Conclusion

This study confirmed the value of plasma HBP levels in the diagnosis of sepsis in
the ICU. It also constructed an sepsis diagnostic model that includes HBP, PCT, CRP,
IL-6, and SOFA scores. This model demonstrated a high accuracy and clinical utility,
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further enhancing its predictive role in sepsis. It has potential clinical diagnostic value

for the detection of sepsis in the ICU.
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464  Tables
465  Table 1. Characteristics of the patients.
Control Infection Sepsis Septic shock P
(n=93) (n=94) (n=53) (n=86)
Age, years, 56 63 58 64 0.023
median (IQR) (45.0-69.0) (51.0-73.8) (49.0-70.0) (53.0 - 70.0)
Sex, male, n (%) 50 (53.8) 64 (68.1) 34 (64.2) 53 (61.6) 0.237
Comorbidity, n (%)
Hypertension 30(32.3) 38 (40.4) 15 (28.3) 29 (33.7) 0.459
Diabetes 15 (16.1) 25 (26.6) 10 (18.9) 15 (17.4) 0.281
Cardiovascular 21 (22.6) 24 (25.5) 509.4) 15(17.4) 0.100
Liver disease 3(3.2) 33.2) 3(5.7) 5(5.8) 0.739
Malignant tumor 34 (36.6) 36 (38.3) 18 (34.0) 42 (48.8) 0.243
Others 26 (28.0) 47 (50.0) 15 (28.3) 37 (43.0) 0.005
Source of infection, n (%)
Abdomen - 31(33.0) 30 (56.6) 63 (73.3) <0.001
Respiratory - 46 (48.9) 17 (32.1) 23 (26.7) 0.006
Blood - 4(4.3) 8 (15.1) 16 (18.6) 0.009
Skin and soft tissues - 16 (17.0) 5(9.4) 8(9.3) 0.220
Others - 6 (6.4) 8 (15.1) 5(5.8) 0.109
Pathogens, n (%)
Escherichia coli 3(3.2) 9(9.6) 9(17.0) 24 (27.9) <0.001
Klebsiella genus 1(1.1) 8 (8.5) 8 (15.1) 14 (16.3) 0.003
Other Enterobacteriaceae 2(2.2) 2(2.1) 4(7.6) 9(10.5) 0.030
Pseudomonas aeruginosa 1(1.1) 5(5.3) 7(13.2) 9 (10.5) 0.015
Acinetobacter baumannii 1(1.1) 7(7.5) 4(7.6) 44.7) 0.112
Stenotrophomonas maltophilia 1(1.1) 2(2.1) 1(1.9) 11(12.8) 0.001
Enterococcus 1(1.1) 8 (8.5) 9 (17.0) 19 (22.1) <0.001
Other Gram-negative bacteria 1(1.1) 0(0.0) 2 (3.8) 9 (10.5) 0.001
Staphylococcus 1(1.1) 12 (12.8) 5(9.4) 7 (8.1) 0.024
Streptococcus 2(2.2) 1(1.1) 1(1.9) 3(3.5) 0.752
Anaerobic bacteria 1(1.1) 1(1.1) 1(1.9) 44.7) 0.377
Fungi 3(3.2) 17 (18.1) 14 (26.4) 38 (44.1) <0.001
APACHE II score, 9.0 12.0 13.0 16.5 <0.001
median (IQR) (7.0-12.0)  (9.0-16.0)  (9.00-18.0) (12.0-21.0)
SOFA score*, 2.0 4.0 5.0 10.0 <0.001
median (IQR) (1.0 - 5.0) (2.3-17.0) (3.0 -7.0) (7.0 - 13.0)
Length of ICU stay, days 2.0 5.0 6.0 8.0 <0.001
median (IQR) (1.0 - 4.0) (3.0-17.8) (3.0 - 10.0) (4.0 - 13.0) ’
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3-day improvement, n (%) 88 (94.6) 83 (88.3) 47 (88.7) 64 (74.4) 0.001

28-day overall mortality, n (%) 3(3.2) 9 (9.6) 6 (11.3) 28 (32.6) <0.001

oNOYTULT D WN =

466
467
468
469

470

471

472

473

474

475

476

APACHE II score: acute physiology and chronic health evaluation II score, ICU: intensive care unit,
IQR: interquartile range, SOFA score: sequential organ failure assessment score. * The absolute

values of SOFA scores.

Table 2. Performance of biomarkers to discriminate sepsis from non-sepsis.

Variable AUC (95% CI)

Cut-off  Sensitivity
(%)

value

Specificity

(%)

PPV
(%)

NPV P

(%)

HBP 0.733 (0.678 - 0.789)
IL-6 0.658 (0.595 - 0.72)

WBC 0.541 (0.474 - 0.607)
PCT 0.812 (0.766 - 0.857)
CRP 0.775 (0.724 - 0.827)
LAC 0.632 (0.571 - 0.694)
APACHEI  0.688 (0.630 - 0.747)
SOFA 0.801 (0.755 - 0.848)

352
328.9
21.0
0.9
107.7
1.9
12.5
4.5

65.5
48.2
20.1
85.6
66.9
532
65.5
83.5

74.9
82.4
95.7
59.9
77.0
72.2
63.6
62.0

65.9
67.0
77.8
61.1
68.4
58.7
64.3
68.7

74.5
68.1
61.7
84.2
75.8
67.5
64.8

79.0

0.060
<0.001
0.021
0.237
0.185
0.128
0.064

APACHE II: acute physiology and chronic health evaluation II, CRP: C-reactive protein, HBP:

heparin-binding protein, LAC: blood lactic acid, PCT: procalcitonin, IL-6: interleukin-6, SOFA:

sequential organ failure assessment, WBC: white blood cell count. The P values between AUCs

compared to HBP.
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Figure legends

Figure 1. The flow diagram of participants. HBP: heparin-binding protein, ICU: intensive care unit.

Figure 2. Comparison of plasma levels of biomarkers among different groups. A: HBP, B: PCT,

C: WBC, D: CRP, E: IL-6, F: LAC, G: APACHE II, H: SOFA. APACHE II: acute physiology and

chronic health evaluation II, CRP: C-reactive protein, HBP: heparin-binding protein, LAC: blood

lactic acid, PCT: procalcitonin, IL-6: interleukin-6, SOFA: sequential organ failure assessment,

WBC: white blood cell count. *: P <0.05; **: P<0.01; ***: P <0.001.

Figure 3. A nomogram predicting the risk of sepsis for patients. The value of each of variable was

given a score on the point scale axis. A total score could be easily calculated by adding each single

score and by projecting the total score to the lower total point scale. We were able to estimate the

probability of sepsis. CRP: C-reactive protein, HBP: heparin-binding protein, PCT: procalcitonin,

IL-6: interleukin-6, SOFA: sequential organ failure assessment.
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9 2080 Patients admitted into ICU

10 1754 Excluded
# 1087 HBP had not been tested or
had not collected blood samples
12 # 92 Patients with neutropenia due
13 to hematological malignancies
14 416 Putients 4 575 Patients who underwent
immunosuppressive therapy.

Control group Infection group Sepsis group Septic shock group
20 93 Patients 94 Patients 53 Patients 86 Patients

25 Figure 1. The flow diagram of participants. HBP: heparin-binding protein, ICU: intensive care unit.
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Figure 3. A nomogram predicting the risk of sepsis for patients. The value of each of variable was given a
score on the point scale axis. A total score could be easily calculated by adding each single score and by

projecting the total score to the lower total point scale. We were able to estimate the probability of sepsis.

CRP: C-reactive protein, HBP: heparin-binding protein, PCT: procalcitonin, IL-6: interleukin-6, SOFA:
sequential organ failure assessment.
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Supplementary Data

Supplementary Table 1. The comparison of HBP among different sites.

Infection Sepsis Septic shock P
Abdomen, 24.8 44.7 78.0 <0.00]
median (IQR) (14.0-74.5) (25.9-108.0) (38.6-156.3.0) ’
median (IQR) (10.8-55.3) (37.8-73.9) (14.1-300) ’
Blood . 80.4 207.6
median (IQR) 93 @5.1-1156)  (176.6-238.6) 0001
Skin and soft tissues 25.5 27.3 61.8 0.027
median (IQR) (19.1-37.3) (14.6-41.4) (36.2-136) )
Other 18.3 45.6 22.6 0.007
median (IQR) (14.5-22.5) (27.0-64.3) (19.5-86.7) )
Multi-infection site 227 37.7 39.0 0.333
median (IQR) (20.9-32.8) (18.0-110.6) (23.7-134.6) )

* Only one patient with bloodstream infection in the infection group, IQR: interquartile range.

Supplementary Table 2. Univariate and multivariate logistic regression analysis of risk factors for

sepsis diagnosis.

Univariate logistic regression

Multivariate logistic regression

Variable analysis analysis
OR (95%CI) P OR (95%CI) P
Age 1.009 (0.993, 1.026) 0.276
Sex 1.169 (0.683, 1.999) 0.569
Hypertension 0.795 (0.450, 1.402) 0.427
Diabetes 0.801 (0.418, 1.538) 0.505
Cardiovascular 0.538 (0.288, 1.182) 0.135
Liver disease 1.572 (0.411, 6.014) 0.509
Malignant tumor 1.471 (0.861, 2.514) 0.158
Other disease 0.998 (0.582, 1.712) 0.994
PCT 1.068 (1.037,1.101) <0.001 1.034 (1.009, 1.060) 0.009
CRP 1.014 (1.009, 1.018) <0.001 1.011 (1.006, 1.016) <0.001
HBP 1.011 (1.006, 1.016) <0.001 1.006 (1.000, 1.012) 0.041
IL-6 1.001 (1.000, 1.001) <0.001 1.001 (1.000, 1.001) 0.013
LAC 1.198 (1.062, 1.352) 0.003
WBC 1.034 (0.992, 1.076) 0.111
APACHE II 1.108 (1.067, 1.152) <0.001
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1.383 (1.276, 1.501)

<0.001

1.252 (1.110, 1.412)

<0.001

APACHE II: acute physiology and chronic health evaluation II, CRP: C-reactive protein, HBP:
heparin-binding protein, LAC: blood lactic acid, PCT: procalcitonin, IL-6: interleukin-6, SOFA:

sequential organ failure assessment, WBC: white blood cell count.
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Supplementary Figure 1. ROC curves for biomarkers in distinguishing sepsis from non-sepsis. A:
HBP, B: PCT, C: WBC, D: CRP, E: IL-6, F: LAC, G: APACHE II, H: SOFA. APACHE II: acute
physiology and chronic health evaluation II, CRP: C-reactive protein, HBP: heparin-binding

protein, LAC: blood lactic acid, PCT: procalcitonin, IL-6: interleukin-6, SOFA: sequential organ

failure assessment, WBC: white blood cell count.
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Supplementary Figure 2. The correlations of HBP with CRP (A), PCT (B), WBC (C), LAC (D),
APACHE II (E), SOFA (F), and IL-6(G). APACHE II: acute physiology and chronic health
evaluation II, CRP: C-reactive protein, LAC: blood lactic acid, PCT: procalcitonin, IL-6:
interleukin-6, SOFA: sequential organ failure assessment, WBC: white blood cell count.
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Supplementary Figure 3. ROC curve analysis of the sepsis training model and test model.
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Supplementary Figure 4. Calibration test of the sepsis diagnostic model. A: training set, B: test set.
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Supplementary Figure 5. Decision curve analysis (DCA) curve of the sepsis diagnostic model. A:

training set, B: test set. The black solid line is the net benefit of treating no patients, the black

dashed line is the net benefit of treating all patients, the orange solid line is the net benefit of

treating patients according to the sepsis diagnostic model. Throughout the entire threshold

range(x-axis), the sepsis diagnostic model surpasses both Treat-all and Treat-no.
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