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Abstract

Background HBP, a novel biomarker released from neutrophils, may induce inflammatory responses and exacerbate
vascular permeability, representing the pathophysiological characteristics of sepsis and septic shock. However, it
remains uncertain whether the combination of HBP with other biomarkers yields enhanced diagnostic capacity for
sepsis. We hypothesized that measurements included IL-6:IL.-8-HBP, IL.-6L-8-HBP/ALB and HBP/ALB which based on
HBP will improve its diagnostic efficacy and even better than the traditional infection biomarkers.

Methods Between July 2021 and June 2022, we carried out a comprehensive, multi-center, observational cohort
study spanning six leading tertiary hospitals located in Heilongjiang Province, China. Patients were stratified into three
categories based on the severity of infection: non-sepsis, sepsis, and septic shock. We collected clinical and laboratory
data, along with infection and inflammation biomarkers, for analysis.

Results A total of 195 patients were enrolled. Among the three groups, patients with septic shock (n=75, 38.5%)

had significantly higher baseline levels of HBP, WBC, Lac, CRP, PCT, IL-6, IL-8, and IL-10 compared to non-sepsis patients
(n=43,22.0%) and sepsis patients (n=77, 39.5%), with statistically significant differences (p <0.05) observed for all
parameters. When compared to SOFA score and traditional markers of CRP, PCT, IL-6 and IL-8, the combined indexes of
IL-6:1L-8-HBP and IL-6-IL.-8-HBP/ALB demonstrated significantly improved diagnostic performance for sepsis and septic
shock (AUC 0.911 and 0.902 respectively, p <0.001).

Conclusions The combined measurements of IL.-6/L-8-HBP and IL-6IL-8-HBP/ALB can augment the diagnostic
capacity of HBP for sepsis, and offer reliable early supplementary indicators to traditional biomarkers for assessing
disease severity in patients with infection.
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Introduction

Patients with infection that progress to sepsis or septic
shock have higher mortality than those who do not [1,
2]. Numerous biomarkers and clinical scores, such as
C-reactive protein (CRP), white blood cell (WBC) counts,
and procalcitonin (PCT), have been reported and exten-
sively utilized to identify high-risk patients and optimize
treatment to improve their outcomes [3-5]. However,
most of them exhibit good sensitivity, but sometimes lack
the specificity to predict the worsening of infections [6—
8]. More importantly, they cannot represent the nature
and the characterization of sepsis, which include uncon-
trolled inflammation and increased vascular permeabil-
ity, leading to hypotension and organ dysfunction. Thus,
rapid and efficient predictive markers are needed for risk
stratification in infected patients.

Heparin-binding protein (HBP) is stored in secretory
vesicles and azurophilic granules of neutrophils (NEUT)
[9], and is rapidly released from activated NEUT in
response to stimulation by various bacterial products
and cytokines/chemokines stimulation [10]. HBP, known
for its multiple biological functions, not only possesses
microbicidal properties but also induces inflammatory
responses through its chemotactic effect on immune cells
and contributes to increased vascular leakage [11, 12].
which is associated with the development of organ inju-
ries in sepsis. Higher HBP concentrations in plasma are
found to be closely correlated with more severe illness
and poorer prognosis in septic patients [13]. In recent
years, HBP has been substantiated as a valuable diagnos-
tic and prognostic marker for sepsis [14, 15].

The prompt and early diagnosis of sepsis and septic
shock continues to pose a challenge in China, largely
due to the relative scarcity of critical care resources and
extended duration of stay prior to ICU admission. These
factors potentially exacerbate the severity of illnesses
and elevate mortality rates [1]. As point-of-care test-
ing (POCT) has evolved, a plethora of biomarkers have
become increasingly accessible for the swift assessment
of infection and inflammation over the past decade.
These include HBP, CRP, Serum Amyloid A (SAA), PCT,
and various cytokines/chemokines markers [16-18].
In our study, we focused on the integration of the HBP
with other biomarkers to enhance the diagnostic accu-
racy of sepsis and septic shock. This approach was taken
to mitigate the limitations inherent in relying solely on
any single biomarker. By combining multiple biomark-
ers, we aimed to achieve a more comprehensive and reli-
able diagnostic tool for sepsis and septic shock, which
are critical for improving patient outcomes. We posited
that the amalgamation of HBP with cytokine markers and

albumin (ALB) could potentially augment the diagnostic
efficacy of HBDP, surpassing that of existing infection bio-
markers in patients with sepsis.

Methods

Study population

We conducted a multi-center observational cohort
study between July 2021 and June 2022 at the intensive
care unit (ICU) of six tertiary hospitals in Heilongjiang
Province. There were two centers in Harbin (the Second
Affiliated Hospital of Harbin Medical University, the
Fourth Affiliated Hospital of Harbin Medical University),
two centers in Mudanjiang (Hongqi Hospital affiliated to
Mudanjiang Medical University and The Second People’s
Hospital of Mudanjiang), one center in Daqing (The Peo-
ple’s Hospital of Daqing), and one center in Qigihar (the
First Hospital of Qigihar). The study was registered in the
Chinese clinical trial registry (ChiCTR2100047008) and
approved by the ethics committee of the Second Affili-
ated Hospital of Harbin Medical University (KY2020-
015). Adult patients (=18 years) who were admitted with
suspicion of sepsis, as judged by an ICU senior attending
physician, were enrolled and followed up for 72 h in our
study. Suspected sepsis was defined as the presence of
infection combined with a SOFA score>2 [2]. Exclusion
criteria were as follows: (1) Participants with hematologi-
cal diseases, autoimmune diseases, immune deficiency
diseases (such as cancers under chemotherapy or radia-
tion, HIV infections, patients taking steroids or immuno-
suppressants); (2) pregnancy; (3) lactation (Lac), ALB or
HBP measurement failed. Based on their infection status
at the time of ICU admission, patients were divided into
three distinct categories: the non-sepsis group, the sep-
sis group, and the septic shock group. Sepsis and septic
shock diagnosis was based on the third international con-
sensus guideline (Sepsis-3) [2].

Data extraction

During the study period, the following clinical variables
and laboratory results were collected: demographic char-
acteristics, comorbidities, infection sites, microbiology,
mechanical ventilation conditions, renal replacement
therapy (RRT) conditions and clinical outcomes; Daily
laboratory measurements include WBC, NEUT, hemo-
globin (HGB), platelet (PLT), ALB, aspartate aminotrans-
ferase (AST), alanine aminotransferase (ALT), creatinine
(Crea), PCT, CRP. Baseline laboratory test results were
established based on the first day of patient enrollment.
The severity of illness was determined by Acute Physiol-
ogy and Chronic Health Evaluation II (APACHE II) score
and Sequential Organ Failure Assessment (SOFA) score.
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Assessment of laboratory parameters

Blood samples were collected in EDTA-K2 anticoagulant
vacuum tubes and analyzed using the Sysmex XN-9000
Hematology Analyzer with corresponding reagents,
adhering strictly to the manufacturer’s instructions.
The test encompassed key hematological indices: WBC,
NEUT, HGB, PLT. The levels of ALB, AST, ALT, Crea,
PCT and CRP were measured utilizing the Roche Mod-
ular DPP automated biochemical analyzer. The lower
limits of detection were as follows: WBC 0.41x10°/L,
HGB 6.93 g/L, PLT 9.28x10°/L, ALB 3 g/L, AST 5 U/L,
ALT 5 U/L, Crea 15 pmol/L, PCT 0.02 ng/mL and CRP
0.15 mg/L.

Determination of HBP levels in plasma

Blood samples for HBP analysis were collected into
EDTA tubes after enrollment immediately and the fol-
lowing two days. After centrifuging at 3500 rpm for
10 min, the plasma was separated and stored for further
test. HBP was measured by a fluorescence dry quantita-
tive immunoassay using the Jet-iStar 3000 analyzer (Join-
Star, Hangzhou, China). The lower limits of detection
were as follows: HBP 5.9 ng/ml.

Measurement of cytokines and chemokines

Blood samples were also tested by luminex assay using
the iMatrix100 (JoinStar, Hangzhou, China) for cytokines
and chemokine, including TNF-a, IL-1pB, IL-4, IL-6, IL-8
and IL-10 according to the manufacturers’ instructions.
The lower limits of detection were as follows: TNF-a 1.5
pg/mL, IL-1 1.5 pg/mL, IL-4 1.5 pg/mL, IL-6 1.5 pg/mL,
IL-8 1.5 pg/mL and IL-10 1.5 pg/mL.

Statistical analysis

The categorical variables were expressed as absolute
numbers and proportions and compared using Chi-
square tests or Fisher’s exact test. Continuous variables
that conformed to a normal distribution were presented
as meantSD and comparisons among multiple groups
are performed using one-way analysis of variance. Con-
tinuous variables that did not conform to a normal dis-
tribution were expressed as median and interquartile
range (IQR) and comparisons among multiple groups
are conducted using the Kruskal-Wallis H test. The opti-
mal cut-off values for different inflammatory indices
were calculated by selecting the number corresponding
to the maximum Youden index according to sensitivity
and specificity, and the receiver operating characteristic
curve (ROC) was used to determine the differentiation of
individual inflammatory indices as well as the integrated
inflammatory model for sepsis. Our primary outcome
was to assess the diagnostic accuracy of various biomark-
ers and integrated diagnostic models for sepsis, which
was accomplished through the estimation of the area
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under the curve (AUC) of the ROC curves. Variables with
P<0.05 were first screened by univariate logistic regres-
sion analysis and then included in multivariate logistic
regression analysis to screen out risk factors for death.
Data were analyzed using SPSS 25.0 (IBM, Armonk, New
York, USA), and P values<0.05 was considered statisti-
cally significant. Graphs were plotted using GraphPad
Prism (version: 9.4).

Results

Patients

From July 2021 to June 2022, 233 patients were recruited,
of whom 5 patients with ICU readmission, 18 patients
with incomplete blood test data, and 15 patients who
admitted to the ICU for less than 72 h were excluded
(Fig. 1). Our final analysis included 195 patients in total,
comprising 43 non-sepsis patients, 77 sepsis patients,
and 75 septic shock patients. The demographic details of
the patients are encapsulated in Table 1.

The average age of the participants was 62.16+13.72
years, and males constituted 58.97% (115) of the sample.
Notably, patients with septic shock demonstrated sig-
nificantly higher APACHE II and SOFA scores, as well
as a 28-day mortality rate, compared to those with non-
sepsis and sepsis (p<0.05). Furthermore, the propor-
tion of patients undergoing mechanical ventilation was
significantly higher in the sepsis group compared to the
non-sepsis and septic shock groups. The dose of nor-
adrenaline administered to the septic shock group was
significantly higher compared to both the non-sepsis
group and the sepsis group. Nevertheless, there were no
significant differences observed among the three groups
concerning the use of RRT.

Significant inter-group baseline differences in HBP, HBP/
ALB, CRP, PCT, IL-6, and IL-10

Table 2 presents a comparison of the baseline character-
istics, including Laboratory Tests, Inflammatory Marker
Levels, and ALB Supplementation Dosage across the
three groups. Patients with septic shock had signifi-
cantly elevated serum levels of HBP, WBC, Lac, CRP,
PCT, Crea, and inflammatory cytokines IL-6, IL-8, IL-10
compared to non-sepsis and sepsis patients (p<0.05).
The lowest serum concentrations of ALB and PLT were
observed in septic shock patients. Remarkably, the HBP/
ALB ratio was significantly higher in the septic shock
group compared to the non-sepsis and sepsis groups
(p<0.05). Meanwhile, compared to non-sepsis patients,
sepsis patients exhibited significantly elevated levels of
HBP, CRP, PCT, IL-1pB, IL-6, IL-10, and TNF-a (p<0.05),
along with a higher HBP/ALB ratio. Furthermore, we
noted distinctions in the doses of ALB administered
among the three groups, yet these differences lacked sta-
tistical significance.
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Excluded

5 patients with ICU readmission
18 patients with incomplete blood test data
15 patients who admitted to the ICU for less than 72 hours

195 patients were enrolled

Fig. 1 Enrollment of patients

Trends of decreased HBP, Lac, IL-6, IL-8, and IL-10 in septic
shock group

Figure 2 illustrates the trends in the concentrations of
infection biomarkers and cytokines over the first three
days. Serum concentrations of HBP, Lac, IL-6, IL-8, and
IL-10 significantly decreased in septic shock patients
after three days (p<0.05). Such substantial decreases
were not evident in non-sepsis and sepsis patients.
Despite a gradual decreasing trend, the SOFA score and
WBC levels remained highest in septic shock patients
after three days, compared to the other two groups
(p<0.05). Furthermore, the HBP/ALB ratio in the septic
shock group also declined, aligning closely with that of
the non-sepsis and sepsis groups. ALB levels increased in
all three groups.

Combined models optimize diagnostic performance for
sepsis and septic shock

We performed a multivariate logistic regression and
ROC curve analysis to identify independent and com-
bined parameters associated with the diagnosis of sepsis
and septic shock (refer to Table 3; Fig. 3). The diagnos-
tic efficacy of the SOFA score and traditional markers
such as Lac, WBC, CRP, PCT, IL-6, and IL-8 for sepsis
and septic shock were found to be inferior to both HBP
alone and the combined markers based on HBP. The

respective AUCs for Lac, WBC, CRP, PCT, IL-6, and
IL-8 were 0.542, 0.619, 0.734, 0.790, 0.819, and 0.663. In
comparison to traditional markers and the SOFA score,
the indices IL-6-IL-8-HBP and IL-6-1L-8-HBP/ALB were
the most effective in diagnosing sepsis and septic shock,
with AUCs of 0.911 and 0.902 respectively (p<0.001).
The diagnostic efficacy of the IL-6-IL-8-HBP combination
was significantly higher than that of either HBP or HBP/
ALB alone (p<0.001). However, no significant difference
was observed between IL-6-IL-8-HBP and IL-6-IL-8-HBP/
ALB.

Positive correlation of HBP and its related markers with
clinical scores

Correlations between laboratory values and clini-
cal scores of all septic patients are shown in Table 4.
Crea (r=0.322, p<0.01), WBC (r=0.289, p<0.01),
IL-10 (r=0.176, p<0.05) were positively correlated with
APACHE II score. Meanwhile, HBP and its related indi-
cators had no correlation with AII score. For the SOFA
score, PCT (r=0.353, p<0.01) exhibits the highest corre-
lation among infection biomarkers, and both HBP and its
related indicators show positive correlations with it.
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Table 1 Characteristics of the enrolled patients
Non-Sepsis Sepsis Septic shock p value
(n=43) (n=77) (n=75)
Age 5721166 626+13.0 646+120% 0.017
Female, n (%) 18 (41.9%) 28 (36.4%) 34 (45.3%) 0.529
CHD 11 (25.6%) 5(19.5%) 10 (13.3%) 0.248
Hypertension 18 (41.9%) 30 (39.0%) 32 (42.7%) 0.892
COPD 1(2.3%) 4 (5.2%) 0 (0%) 0.129
CKD 3 (7.0%) 3 (3.9%) 0 (0%) 0.094
Stroke 1(2.3%) 13 (16.9%) 12 (16%) 0.055
Diabetes 10 (23.3%) 20 (26%) 25 (33.3%) 0435
Malignancy 2 (4.7%) 5 (6.5%) 5(6.7%) 0.898
Others 0 (0%) 1(1.3%) 4 (5.3%) 0.142
Primary diagnosis, n (%)
Cardiovascular 3 (7.0%) 1(1.3%) 2 (2.7%) 0.220
Respiratory 7 (16.3%) 27 (35.1%) 21 (28.0%) 0.091
Digestive 4(9.3%) 29 (37.7%) * 40 (53.3%) * <0.001
Renal 4(9.3%) 4 (5.2%) 10 (13.3%) 0.225
Neurologic 11 (25.6%) 13 (16.9%) 4 (5.3%) * 0.007
Trauma 12 (27.9%) 2(2.6%) * 1(1.3%) * <0.001
Others 3(7.0%) 3(3.9%) 2 (2.7%) 0.525
Site of infection, n (%)
Lung 24 (55.8%) 49 (63.6%) 36 (48%) 0.154
Abdominal 1(25.6%) 31 (40.3%) 39 (52.0%) * 0.019
Genitourinary 1(2.3%) 4 (5.2%) 9 (12.0%) 0.102
Others 9 (20.9%) 3(3.9%) * 2(2.7%)* <0.001
Pathogens, n (%)
Positive 16 (39%) 34 (44.2%) 45 (60.0%) 0.051
S. aureus 1(2.3%) 3(3.9%) 2 (2.7%) 0.863
A. baumanii 3 (7.0%) 6 (7.8%) 6 (7.0%) 0.892
E. coli 0 (0%) 4 (5.2%) 10(13.3%) * 0.018
K. pneumoniae 7 (16.3%) 8 (10.4%) 10 (13.3%) 0.644
P aeruginosa 4(9.3%) 2 (2.6%) 3 (4.0%) 0.234
C. albican 0 (0%) 4 (5.2%) 3 (4.0%) 0333
Negative 25 (61.0%) 43 (55.8%) 30 (40.0%) 0.051
Scores
APACHE Il 1+6.65 1643+7.26 20.16+6.64 * 0.002
SOFA 5(3-8) 6 (5-9) 11(8-13) % <0001
Organ support
Mechanical ventilation, n (%) 19 (44.19%) 55(71.43%) * 48 (64%) 0.012
RRT, n (%) 5(11.63%) 10 (12.99%) 18 (24%) 0.113
Noradrenaline (ug/kg/min) 0 (0-0.05) 0 (0-0.09) 0.19(0.12-0.27) ** <0.001
Hospital LOS 21 (7-26) 4(8-24) 13(5-18) 0.058
QOutcome, n (%)
ICU mortality 3(6.98%) 4 (5.19%) 5(6.67%) 0.903
28-d mortality 10 (23.26%) 23 (29.87%) 36 (48%) ** 0011
The Second Affiliated Hospital of Harbin Medical University 9 (20.93%) 17 (22.08%) 6 (21.33%) -
The Fourth Affiliated Hospital of Harbin Medical University 7 (16.28%) 15 (19.48%) 3(17.33%) -
Hongqi Hospital affiliated to Mudanjiang Medical University 8 (18.60%) 13 (16.88%) 3(17.33%) -
The Second People’s Hospital of Mudanjiang 6 (13.95%) 11 (14.29%) 0(13.33%) -
The People’s Hospital of Daging 6 (13.95%) 10 (12.99%) 2 (16.00%) -
The First Hospital of Qigihar 7 (16.28%) 11 (14.29%) 1 (14.67%) -

CHD, coronary heartdisease; COPD, chronic obstructive pulmonary disease; CKD, chronickidney disease;S.aureus, Staphylococcusaureus; A.baumanii, Acinetobacter
baumannii; E. coli, Escherichia coli; K. pneumoniae, Klebsiella pneumoniae; P. aeruginosa, Pseudomonas aeruginosa; C. albican, Candida albicans; APACHE, acute
physiology and chronic health evaluation; SOFA, sequential organ failure assessment; RRT, renal replacement therapy; LOS, length of stay. For normally distributed
continuous variables, use ANOVA for multi-group comparisons; for non-normally distributed variables, use the Kruskal-Wallis H test. * vs. Non-Sepsis group, p<0.05;

#vs. Sepsis group, p<0.05
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Table 2 Baseline characteristics: Laboratory tests, inflammatory marker levels, and Albumin Supplementation Dosage in enrolled

patients

Non-Sepsis Sepsis Septic shock p value

(n=43) (n=77) (n=75)
WBC (x10°/L) 11.11 (6.8-14.97) 11.2(7.7-16) 174 (12.03-24.7) ** <0.001
NEUT (x10%/L) 787 (5.61-13.7) 9.62 (5.84-13.14) 15.3 (9.86-21.86) ** <0.001
HGB (g/L) 100.7 +34.55 98.91+2853 103.9+31.11 0477
PLT (x10°/L) 181 (122-223) 177 (131-228) 143 (62.25-223.75) * 0.024
ALB (g/L) 31.7 (26.8-35.6) 31.2(26.65-35.3) 29.95 (26.3-334) 0.285
AST (U/L) 32.5(18.75-62.25) 28 (20-46.5) 396 (27-85.8)* 0.004
ALT (U/L) 20.5(12-42.5) 19 (13-32.5) 26.5(14.75-70.5) 0.085
Crea (umol/L) 82 (69-153) 90 (68-158.5) 156.5 (88-255.5) ** <0.001
Lac (mmol/L) 2.1 (1.2-2.8) 1.7 (1.3-245) 35(2.7-59)* <0.001
HBP (ng/mL) 1747 (10.31-33.41) 66 (27.39-130.24) * 149.8 (56.51-240.36) ** <0.001
HBP/ALB 0.5 (0.31-0.96) 2.21(0.945-4.19) * 479 (1.82-7.84) ** <0.001
CRP (mg/L) 100.16+65.80 156.72+93.72* 183.45+82.78 ** <0.001
PCT (ng/mL) 1.32(0.1-3.21) 4.21(0.93-19.545) * 25.98 (5.19-96.76) ** <0.001
IL-163 (pg/mL) 1.5 (1.5-3.58) 1.85(1.5-4.535) * 1501.5-1.7)* <0.001
I-4 (pg/mL) 1.5(1.5-2.21) 1.62 (1.5-3.53) 15(15-1.9)* <0.001
I-6 (pg/mL) 36.62 (22.55-58.74) 109.27 (47.84-296.85) * 219.75 (81.82-1045.95) ** <0.001
IL-8 (pg/mL) 13.95 (9.83-24.81) 16.65 (10.0-48.16) 39.53 (19.24-130.35) ** <0.001
IL-10 (pg/mL) 2.6 (1.5-19.36) 11.36 (2.65-3331)* 46.59 (21.69-140.3) ** <0.001
TNF-a (pg/mL) 2.28(1.5-833) 945 (3.33-24.58) * 8.18 (347-29.24) * <0.001
Albumin 0 (0-20) 10 (0-40) 20 (0-40) 0.053

Supplementation (g)

Statistical analysis using D1 data. WBC, white blood cells; NEUT, neutrophils; HGB, hemoglobin; PLT, platelet; ALB, albumin; AST, aspartate aminotransferase; ALT
alanine aminotransferase; Crea, creatinine; Lac, lactate; HBP, heparin-binding protein; CRP, C-reactive protein; PCT, procalcitonin; IL, interleukin; TNF, tumor necrosis
factor. For normally distributed continuous variables, use ANOVA for multi-group comparisons; for non-normally distributed variables, use the Kruskal-Wallis H test.

*vs. Non-Sepsis group, p<0.05; * vs. Sepsis group, p<0.05

APACHE Il score: the sole independent risk factor for
28-day mortality in sepsis and septic shock patients

Table 5 reports the results of the univariate and multi-
variate analysis of patient characteristics and laboratory
parameters associated with the 28-day mortality rate. A
high APACHE II score emerged as the sole independent
risk factor for death at 28 days, whereas the other param-
eters showed no significant differences.

Discussion

In our study, we examined the vascular leakage marker
ALB and the inflammatory markers IL-6/IL-8, which
we found to be effective supplements for improving the
precision of HBP in evaluating sepsis patients. We deter-
mined that IL-6-IL-8-HBP and IL-6.IL-8-HBP/ALB could
serve as early critical predictors in the ICU for assessing
disease severity in infected patients. These indices dem-
onstrated superior performance compared to HBP alone
or other traditional infection biomarkers.

Sepsis and septic shock are characterized by an unregu-
lated immune response, intense inflammation, and organ
dysfunction. HBP, a novel biomarker, has been identi-
fied as a significant contributor to the pathogenesis of
sepsis. It can exacerbate inflammation and enhance vas-
cular permeability, resulting in endothelial impairment,
organ dysfunction, and microcirculatory disturbances,

phenomena commonly observed in sepsis and septic
shock [17]. We observed a significant increase in HBP
levels in septic patients, particularly in those with sep-
tic shock, followed by a noticeable decline after 3 days.
Furthermore, inflammation was markedly more severe in
septic shock patients at baseline, as indicated by higher
WBC counts and elevated cytokine levels.

Numerous studies have noted that, following a bacterial
infection, HBP is released from NEUT significantly ear-
lier than the production of IL-8, IL-6, TNF-a, PCT and
CRP [17, 19], and demonstrated superior performance
in predicting and diagnosing sepsis compared to WBC,
CRP, PCT and Lac [13, 15, 17, 20, 21]. Simultaneously,
neither PCT nor CRP adequately captures the dynamic
pathophysiological changes of sepsis, which can swiftly
progress from systemic inflammation to acute organ
failure. In contrast, HBP is integrally implicated in the
pathological mechanisms underlying sepsis-associated
organ dysfunction, specifically through its role in aug-
menting capillary permeability [9, 11, 12]. This height-
ened involvement in the disease process may account for
HBP’s superior performance as a diagnostic biomarker
compared to CRP, PCT, or Lac, particularly for discern-
ing instances of evolving organ dysfunction.

Preliminary research has suggested that, at a thresh-
old concentration of 28.1 ng/mL, HBP demonstrates a
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Fig. 2 Comparisons of infection biomarkers among the three groups during 3 d. Serum levels of HBP (A), ALB (B), Lac (C), CRP (D), WBC (E), PCT (F), IL-6

(G), IL-8 (H), IL-10 (I) and SOFA score (J), HBP/ALB ratio (K) were displayed.
day; " vs. D2 in the same group; ® vs. D3 in the same group; respectively.

P<0.05 * vs. Non-sepsis group in the same day; * vs. Sepsis group in the same
HBP, heparin-binding protein; Lac, lactate; CRP, C-reactive protein; WBC, white

blood cells; PCT, procalcitonin; IL, interleukin; SOFA, sequential organ failure assessment; ALB, albumin

Table 3 Predictive values of independent and combined predictors in diagnosing septic patients

Cut-off Sensitivity(%) Specificity(%) AUC AUC 95% CI p value
APACHE Il >16.5 58.1% 57.1% 0.564 0.468-0.660 0.201
SOFA >6.5 71.8% 60.7% 0.724 0.636-0.812 <0.001
Lac >28 29.2% 81.0% 0.542 0.408-0.675 0.548
Crea >103.0 55.6% 69.8% 0.604 0.509-0.699 0.038
WBC >179 31.5% 90.7% 0619 0.531-0.707 0.018
CRP >150.6 59.0% 82.1% 0.734 0.641-0.827 <0.001
PCT >38 71.8% 82.1% 0.790 0.718-0.862 <0.001
IL-13 >15 44.4% 67.4% 0.542 0.442-0.642 0.404
IL-6 >97.1 63.2% 85.7% 0.819 0.750-0.888 <0.001
-8 >154 66.7% 60.7% 0.663 0.574-0.752 <0.01
IL-10 >39 79.9% 62.8% 0.739 0.656-0.823 <0.001
TNF-a >53 64.6% 72.1% 0.708 0.612-0.804 <0.001
HBP >62.6 63.2% 96.4% 0.870 0.816-0.925 <0.001
HBP/ALB >13 76.9% 85.7% 0.871 0.814-0.927 <0.001
IL-6:1L.-8-HBP >0.38 75.2% 92.9% 0911 0.867-0.956 <0.001
IL-6-1L.-8-HBP/ALB >0.6 89.0% 78.6% 0.902 0.853-0.950 <0.001

Statistical analysis using D1 data. Lac, lactate; IL, interleukin; APACHE, acute physiology and chronic health evaluation; Crea, creatinine; WBC, white blood cells; TNF,
tumor necrosis factor; SOFA, sequential organ failure assessment; CRP, C-reactive protein; PCT, procalcitonin; HBP, heparin-binding protein; ALB, albumin

Compared with SOFA score, IL-6:IL-8-HBP and IL-6:IL.-8-HBP/ALB were the most effective in the diagnosis of sepsis and septic shock with the AUC of 0.911 and
0.902 respectively (p<0.001). The diagnostic efficacy of IL- 6:IL.-8-HBP combination was also higher than that of HBP or HBP/ALB alone (p<0.001), but there was no

significant difference between IL-6:IL.-8-HBP and IL-6:1L-8-HBP/ALB.

diagnostic sensitivity and specificity for sepsis of 84.9%
and 78.3%, respectively [20]. In our study, we found that
HBP had the best discriminative capability to distinguish
sepsis from systemic infection, when compared with

PCT, CRP or Lac. Notably, in our study, we observed
that initial HBP levels after admission to the ICU dem-
onstrated the highest specificity of 96.4% and a lower
sensitivity of 63.2% at a cut-off value of 62.6 ng/ml. This
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Fig. 3 Receiver operating characteristic (ROC) curves of HBP alone and combined models based on HBP for diagnosing sepsis and septic shock

Table 4 HBP and its related indicators are correlated with clinical

scores

APACHEII SOFA

r p-value r p-value
Crea 0322 0.000 0.363 0.000
WBC 0.289 0.000 0.358 0.000
TNF - - - -
CRP - - - -
PCT - - 0.353 0.000
IL6 - - 0.181 0.03
IL8 - - 0.249 0.003
IL10 0.176 0.035 0314 0.000
HBP - - 0.281 0.000
HBP/ALB - - 0.307 0.000
IL-6-IL.-8-HBP - - 0.244 0.003
IL.-6-IL-8-HBP/ALB - - 0.266 0.001

Statistical analysis using D1 data. APACHE, acute physiology and chronic health
evaluation; SOFA, sequential organ failure assessment; Crea, creatinine; WBC,
white blood cells; TNF, tumor necrosis factor; CRP, C-reactive protein; PCT,
procalcitonin; IL, interleukin; HBP, heparin-binding protein; ALB, albumin

value was higher than the similar cut-oft values of 15-30
ng/mL reported in previous studies conducted with less
severely ill patients in the emergency department [15,
22]. On the other hand, the correlation between HBP and
its related indicators with the SOFA score appears less
pronounced in comparison to that of PCT. This observa-
tion may plausibly be linked to the fact that all patients

in our study cohort underwent pre-ICU interventions,
which potentially masked the early stages of sepsis pro-
gression and, as a result, diminished the opportunity to
discern the initial fluctuations in HBP levels.

Reduced levels of serum ALB are often observed in
inflammatory diseases and have been correlated with
increased capillary leakage [23]. Numerous studies have
demonstrated that serum ALB serves as a powerful pre-
dictive marker for outcomes in patients with sepsis [24,
25]. A recent study indicated that a HBP/ALB ratio
greater than 3.05, but not serum ALB alone, could iden-
tify septic patients at an increased risk for acute kidney
injury (AKI) [26]. Additionally, ALB has been shown to
inhibit the endothelial permeability induced by HBP
in cases of septic AKI [27]. This suggests a strong asso-
ciation between ALB, HBP, and the severity of sepsis.
We observed that the HBP/ALB ratio was significantly
higher on D1 in septic patients, particularly those in sep-
tic shock. In subsequent periods, a significant decline in
the HBP/ALB ratio was observed. This reduction was pri-
marily attributed directly to the decrease in HBP levels
itself. Additionally, changes in the HBP/ALB ratio were
also partly associated with an elevation in ALB levels,
which may in turn have been influenced by the adminis-
tration of ALB.

IL-6 and IL-8 are central mediators in the development
of HBP-mediated inflammatory responses during sepsis
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Table 5 Univariate and multivariate analysis of 28-day mortality in all groups
Variables Univariate analysis Multivariate analysis
p value OR 95%Cl p value OR 95%(Cl
Gender 0.741 1.133 0.540-2.375
Age 0413 0.780 0431-1413
APACHE Il 0.00 1.115 1.062-1.171 <0.01 1112 1.048-1.180
SOFA 0.00 1171 1.081-1.268
CRP 0.166 1.003 0.999-1.006
PCT 0.585 1.002 0.996-1.007
WBC 0219 1.018 0.989-1.048
IL-6 0.012 1.000 1.000-1.001
IL-8 0.086 1.001 1.000-1.002
IL-10 0.406 1.000 1.000-1.001
HBP 0.151 1.001 1.000-1.003
HBP/ALB 0.569 1.015 0.965-1.066

Statistical analysis using D1 data. APACHE, acute physiology and chronic health evaluation; SOFA, sequential organ failure assessment; CRP, C-reactive protein; PCT,
procalcitonin; WBC, white blood cells; IL, interleukin; HBP, heparin-binding protein; ALB, albumin

[17]. In our study, the levels of IL-6 and IL-8 were sig-
nificantly elevated in septic patients, particularly those
in septic shock. Furthermore, the diagnostic accuracy of
HBP was significantly improved when combined with
IL-6/IL-8, achieving the highest AUC of 0.911. Although
the addition of ALB did not further enhance the diag-
nostic performance of the IL-6.1L-8-HBP combination,
the IL-6-IL-8-HBP/ALB set still exhibited superior diag-
nostic capability compared to conventional biomarkers.
It’s worth noting that the levels of IL-6, IL-8, IL-10, and
Lac in the septic shock group significantly decreased and
approximated the levels observed in the other two groups
after 72 h.

Recent studies suggest that HBP or its dynamic changes
may have potential prognostic implications for critically
ill patients [28—30]. However, in our study, we found no
significant associations between HBP and 28-day mortal-
ity, nor were there any significant associations with other
biomarkers. These findings align with results from some
previous studies [20, 31]. This discrepancy may be attrib-
uted to an underestimation of biomarker levels, poten-
tially resulting from early extensive fluid resuscitation
and vascular leakage that often occur during sepsis [31].
Meanwhile, HBP may play a protective role by regulating
inflammation and host immune responses during sepsis
[17]. Furthermore, the timing of measurement [28], the
dynamics changes of itself [29], and the specific context
of organ dysfunction [30] appear to be critical factors
influencing the predictive power of HBP.

In contrast to static numerical outcomes, the sequen-
tial variations in diagnostic indices offer a more nuanced
reflection of disease progression. POCT, by furnish-
ing patients in intensive care units with real-time data
upon any clinical shift, expedites the diagnostic process
that would otherwise be delayed by conventional central
laboratory turnaround times. This prompt accessibil-
ity to information significantly enhances the capacity of

healthcare professionals to formulate immediate treat-
ment strategies, thereby enhancing patient outcomes and
prognosis [32, 33]. In the case of septic patients, real-time
POCT of cytokines and chemokines could aid clinicians
in easily identifying sepsis subtypes based on the inflam-
matory response, thereby guiding the selection of opti-
mal therapeutic options. Given that the concentrations
of HBP and inflammatory markers are currently readily
available via POCT, it is recommended to obtain these
immediate results for assessing severity and optimizing
management in patients with infections.

Previous studies have indicated that levels of IL-6 and
CRP can serve as observational indicators for the need
of mechanical ventilation in COVID-19 patients [34].
In our study, we noted variations in the numbers of
patients receiving mechanical ventilation across different
groups, aligning with the notion that progression of sep-
sis exacerbates organ dysfunction. However, following a
subgroup analysis distinguishing patients by the require-
ment for mechanical ventilation, we did not observe sig-
nificant intergroup differences in several biomarkers. We
speculate that this may be attributed to the majority of
our study population necessitating immediate mechani-
cal ventilation upon ICU admission, thereby bypassing
the early observation window. This could have obscured
potential differences that might otherwise be evident in
the earlier stages of disease progression.

The current study has several limitations. For some
patients, the infecting pathogens were not identified, and
the correlation between HBP levels and pathogenic spe-
cies was not examined. Furthermore, many patients had
received treatment prior to their admission to the ICU,
but the exact impact of these differing treatments on
HBP levels remains unclear. Additionally, we interestingly
found that the proportion of patients receiving mechani-
cal ventilation was higher in the sepsis group compared
to the septic shock group. This may be attributable to the
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fact that patients in the sepsis group primarily had diag-
noses related to pulmonary diseases, which necessitated
increased respiratory support. Finally, while our study
involved various types of infections, future prospective
studies with larger populations and different sepsis sub-
types are necessary to confirm our results. Additionally,
the clinical significance of these markers should be evalu-
ated longitudinally during the course of sepsis.

Conclusions

In summary, our study demonstrated that the combined
indices of IL-6, IL-8, and HBD, as well as IL-6, IL-8, HBP/
ALB, outperformed HBP alone and other traditional
infection biomarkers in diagnosing sepsis and septic
shock. These findings may offer new insights into the
clinical application of HBP and enhance the diagnosis
and assessment of inflammation diseases mediated by
HBP.
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