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ABSTRACT

Objective: To investigate the application of heparin-binding protein
along with albumin (HBP+ALB) in evaluating the severity of
community-acquired pneumonia (CAP) and compares it with single
HBP, white blood cells (WBCs), C-reactive protein (CRP), and
procalcitonin (PCT).

Methods: A total of 226 patients with CAP admitted to the
Emergency Department of Zhujiang Hospital, Southern Medical
University, Guangdong, China, between March 1, 2021, and
March 1, 2022, were enrolled. The patients were grouped into two
groups: mild CAP (n=175) and severe CAP (sCAP)(n=51). Patients'
characteristics and laboratory data were obtained. ROC curve and
the value of the area under the curve (AUC) were used to evaluate
the predictive values of HBP, ALB, WBC, CRP, and PCT.

Results: WBC count, CRP, PCT, HBP, creatinine, and D-dimer
were higher in the sCAP group, while ALB was lower in the sCAP
group (P<0.05) than those in the mild CAP group. The AUCs of
WBC, CRP, PCT, HBP, and HBP+ALB were 0.633 (95% CI: 0.545-
0.722, P<0.05), 0.635 (95% CI: 0.542-0.729, P<0.05), 0.705 (95%
CI: 0.619-0.791, P<0.05), 0.809 (95% CI: 0.736-0.883, P<0.05), and
0.889 (95% CI: 0.842-0.936, P<0.05), respectively.

Conclusions: HBP+ALB has a higher predictive value than single
HBP, PCT, CRP and WBC used alone for the early assessment of
CAP.

KEYWORDS: Community-acquired pneumonia; Heparin-binding
protein; Albumin; Procalcitonin; White blood cell count; C-reactive

protein

1. Introduction

Community-acquired pneumonia (CAP) refers to the inflammation
of pulmonary parenchyma (including the alveolar wall), occurring
outside of hospital environment, including pneumonia caused
by pathogens with a clear incubation period after admission[1].
CAP is one of the most common infectious diseases threatening
human health worldwide. It has an annual incidence of 5.16/1000-
33/1000 in the United States[2]. The in-hospital mortality rate for
severe CAP (sCAP) has been reported to be 25%-50%(3]. However,
the severity of CAP is often overlooked by clinicians, which may

lead to inappropriate treatment protocols[4]. It may induce a poor
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prognosis. Therefore, early evaluation and diagnosis of sCAP are
very important[5].

Various methods have recently been developed to assess and predict
the severity of CAP. Some common scoring systems to determine
the severity of CAP include the CURB-65 score, pneumonia severity
index, and national early warning score[6]. The CURB-65 scoring
system is a relatively simple assessment tool; however, its accuracy
is lower. Pneumonia severity index can more accurately stratify the
severity of CAP patients; however, it is a more complex and time-
consuming calculation method[7.8]. Biological markers used to
predict the severity of CAP include procalcitonin (PCT), C-reactive
protein (CRP), interleukin-6, and other novel or traditional biological
markers[9]. Heparin-binding protein (HBP) is a new inflammatory
predictor, which is being increasingly used for predicting infectious
diseases. HBP begins to increase immediately after inflammation or
infection and can be used to predict organ failure[10]. Albumin (ALB)
is used as a conventional indicator of human nutritional status and
systemic inflammation. Previous studies have shown that ALB is
associated with mortality in CAP[11,12]. In addition, human serum
ALB is also closely related to the biological efficiency of antibiotics.
This study investigates the application of HBP along with ALB
(HBP+ALB) in evaluating the severity of CAP and compares it with
single HBP, white blood cells (WBCs), CRP, and PCT.

2. Patients and methods

2.1. Study design and setting

Patients diagnosed with CAP in the emergency department of
Zhujiang Hospital, Southern Medical University, Guangdong, China,
were included in the study. Patients diagnosed as CAP between
March 1, 2021, and March 1, 2022, were enrolled.

2.2. Inclusion and excluston criteria

The inclusion criteria were as follows: (i) over 18 years of age,
male or female; (ii) met the international guideline diagnostic criteria
of CAP; (iii) completely preserved clinical data, and (iv) easily

available information on biochemical indicators.

2.3. Ethical statement
The study was approved by the Ethics Committee of Zhujiang
Hospital, Southern Medical University, Guangdong, China. The

Ethical approval number was 2022-KY-306. All methods were

performed in accordance with the Declaration of Helsinki.

2.4. Definitions

The following were used as the diagnostic criteria of sCAP[13]:

(1) consciousness disorder; (ii) respiratory rate > 30 times/min; (iii)
PaO, <60 mmHg, PaO,/FiO, <300, mechanical ventilation required;
(iv) systolic pressure <90 mmHg; (v) septic shock; (vi) involvement
of bilateral or multiple pulmonary lobes, or >50% expansion of the
lesion within 48 h after admission, as shown by the chest X-ray;
(vii) oliguria, with a urine volume of <20 mL/h, or <80 mL/4 h,
or dialysis treatment needed owing to acute renal failure. Those
meeting one or more of the above criteria can be diagnosed as sCAP.
Other patients can be diagnosed with mild CAP (mCAP).
HLB+ALB: We used SPSS software to merge and calculate the
severity of heparin binding protein, ALB, and pneumonia, and used

regression analysis to obtain a new variable.

2.5. Data compilation

General clinical data of the patients, including their name, sex, age,
smoking history, and complications; information on biochemical
indicators, including WBCs, CRP, PCT, HBP, ALB, creatinine (Cr),
and serum sodium concentration (Na'); information on imaging
examination, including pleural effusion and chest CT findings;
and data on treatment, including mechanical ventilation, use of
vasoactive drugs, length of stay in the hospital, and admission to
the intensive care unit, were collected. The cases were grouped into
mCAP and sCAP based on the diagnostic criteria of SCAP.

2.6. Statistical analysis

The SPSS statistical software was used for statistical analysis.
When the measurement data conformed to the normal distribution,
the meantstandard deviation was used to express the data. The
t-test was used for the intergroup comparison. The median and
quartile were used for the non-normal distribution data. The Mann-
Whitney U test was used for the intergroup comparison. Counting
data were expressed in percentages. Chi-square test and Fisher exact
probability test were used for comparison between the groups. The
difference was statistically significant with P<0.05. MedCalc was
used to draw the receiver operating characteristic curve (ROC),
calculate the area under the ROC curve (AUC), and evaluate the

significance of each index in predicting the severity of CAP patients.

3. Results
3.1. Comparison of baseline data between the two groups

A total of 226 patients with CAP were included in the study (Figure
1). The baseline characteristics of patients are enumerated (Table 1).
Among these, 138 were men and 88 were women, with an average
age of (68.1+18.7) years. In addition, 175 of these patients had
mCAP and 51 had sCAP. The average age of the patients with sCAP
was (73.1£15.9) years, higher than that of the patients with mCAP
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[(66.6£19.3) years], but it had no statistical significance (P>0.05).
There was no significant difference among the patients of mCAP and
sCAP groups in terms of sex, smoking history, complications, and
pleural effusion (P>0.05). WBCs, CRP, PCT, HBP, Cr, and D-dimer
of sCAP groups were higher than those of the mCAP group in the
community (P<0.05). ALB of the patients with sSCAP was lower than
that of the patients with mCAP (P<0.05).

3.2. Comparison of ROC curves predicted by different factors

Jor the severity of CAP patients

Table 2 shows the ROC analysis of each inflammatory index to
evaluate the severity of CAP. The ROC curve is shown in Figure 2.
The AUC of the WBC score was 0.633 (95% CI: 0.545-0.722) and
its truncation value was 9.7x10%/L; The AUC of the CRP score was
0.635 (95% CI: 0.542-0.729) and its truncation value was 48.87 mg/
L; the AUC of the PCT score was 0.705 (95% CI: 0.619-0.791) and
its truncation value was 0.19 pg/L; the AUC of the HBP score was
0.809 (95% CI: 0.736-0.883) and its truncation value was 99.56
ng/mL; and the AUC of the HBP+ALB score was 0.889 (95% CI:
0.842-0.936).

4. Discussion

CAP is an acute pulmonary infection caused by a variety of
pathogens. The morbidity and mortality of CAP in developing
countries are much higher than those in developed countries. Its
immunopathology is characterized by an acute lower respiratory
inflammatory response regulated by cytokines or other inflammatory

mediators[14]. It is currently recognized as one of the major public

Table 1. Baseline characteristics (n=226, n, %)
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Figure 1. Flowchart of the study. CAP: community-acquired pneumonia;
mCAP: mild CAP; sCAP: severe CAP.
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Figure 2. ROC curve for predicting the severity of CAP, WBC, white blood
cell; CRP, C-reactive protein; PCT, procalcitonin; HBP, heparin-binding
protein; ALB, albumin; HBP-ALB: heparin-binding protein-albumin.

Characteristics mCAP (n=175) sCAP (n=51) t(/U P
Sex, male/female 108/67 30/21 0.139 0.709
Age, years, mean=SD 66.6+19.3 73.1+15.9 2.271 0.133
Smoking, r, % 87 (49.7) 22 (43.1) 0.684 0.408
Co—morbidity, n, %
Cardiovascular and cerebrovascular diseases 118 (67.4) 40 (78.4) 2.273 0.132
Hepatopathy 28 (16.0) 14 (27.5) 3.422 0.064
Chronic kidney disease 36 (20.6) 17 (33.3) 3.583 0.058
Diabetes mellitus 45 (25.7) 18 (35.3) 1.803 0.179
Chronic obstructive pulmonary disease 28 (16.0) 9 (17.6) 0.078 0.780
Laboratory data
WBC, x10°/L, median, Q1, Q3 8.82 (2.64-28.41) 10.78 (3.55-27.38) - 0.004
CRP, mg/L, median, Q1, Q3 21.40 (0.50-203.30) 58.18 (0.50-225.56) - 0.003
PCT, pg/L, median, Q1, Q3 0.06 (0.02-59.23) 0.46 (0.02-200.00) - <0.001
HBP, ng/mL, median, Q1, Q3 48.67 (5.90-300.00) 165.25 (7.60-300.00) - <0.001
ALB, g/L, mean+SD 35.47+5.39 28.35+3.62 8.417 0.004
Creatinine, pmol/L, median, Q1, Q3 749.00 (22.00-654.20) 114.20 (47.10-1896.84) - <0.001
Na', mmol/L, mean+SD 138.39+5.02 139.60+7.40 1.345 0.180
D-dimer, pg/mL, median, Q1, Q3 0.78 (0.02-35.00) 2.67 (0.35-35.00) - <0.001
Pleural effusion, n, % 28 (16.00) 20(39.22) 12.724 <0.001

WBC, white blood cell; CRP, C-reactive protein; PCT, procalcitonin; HBP, heparin-binding protein; ALB, albumin.
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Table 2. ROC analysis of inflammatory markers to predict the severity of CAP.
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Parameters AUC Sensitivity (%) Specificity (%) Cutoff value 95% CI P

WBC (x10°/L) 0.633 66.67 63.43 9.70 0.545-0.722 0.045
CRP (mg/L) 0.635 58.80 68.60 48.87 0.542-0.729 0.048
PCT (ng/L) 0.705 68.60 69.10 0.19 0.619-0.791 0.043
HBP (ng/mL) 0.809 68.63 84.00 99.56 0.736-0.883 0.038
ALB (g/L) 0.859 86.30 77.10 31.70 0.806-0.912 0.027
HBP+ALB 0.889 86.30 79.40 - 0.842-0.936 0.024

CAP: community-acquired pneumonia.

health problems. It has been identified as the third most common
cause of death worldwide. The annual incidence of CAP in the
elderly has been reported to be 0.33%-4.6%[15,16]. SCAP is induced
by the aggravated inflammatory reaction in the lung tissue and has
high morbidity and mortality[3,17]. Therefore, timely and effective
assessment of the condition of CAP patients and the formulation
of a reasonable and effective diagnosis and treatment plan is very
important.

In this study, the levels of HBP+ALB in patients with CAP were
compared with those of the patients with other inflammatory
markers (HBP, WBC, CRP, and PCT). sCAP patients were older
than those of the mCAP patients. In addition, WBCs, CRP, PCT,
HBP, Cr, and D-dimer of sCAP patients were higher than those of
the mCAP patients. The level of ALB of patients with sCAP was
lower than that of the patients with mCAP. CRP increases in all
infections, stress reactions, and tumor diseases. This study found that
the AUC of CRP for predicting the sCAP was 0.635. But a recent
study conducted by Chen et «l.[8] found that the concentration of
CRP in patients with mCAP was not significantly different from that
in patients with sCAP. Therefore, more clinical studies are needed to
confirm the predictive value of CRP in CAP.

PCT, secreted by parathyroid C cells, comprises 116 amino
acids and can be detected 2 h after infection[18]. Studies have
shown that PCT has a good diagnostic value in predicting the
severity and prognosis of CAP. HBP, also known as azuroxine or
cationic 37 kDa antibacterial protein (CAP37), is a multifunctional
immunomodulatory protein[19]. It has extensive antibacterial activity.
In addition, it shows chemotaxis and can activate monocytes and
macrophages. It can also increase vascular permeability, which plays
an important role in the prediction of infectious diseases. HBP is
an important player in the pathophysiology of organ dysfunction
induced by sepsis[10]. HBP is a marker of nonspecific systemic
inflammatory reaction. CAP caused by various pathogens can be
increased in the early stage, and the degree of increase is positively
correlated with the degree of inflammatory reaction. Therefore, HBP
of sCAP is significantly higher than that of mCAP. Huang et al.
demonstrated that the level of plasma HBP significantly increased
in children with sCAP on admission and that HBP may be a better
predictor of disease progression in children with sCAP than routine
biomarkers[14]. In this study, the AUC for HBP for predicting the
sCAP was 0.809.

Patients with sCAP were predicted to have more WBCs than the
average number (AUC: 0.633) and PCT (AUC: 0.705), which was
similar to that reported by Cai e al.[20]. ALB is the main protein of
the human plasma and is synthesized by the liver, which plays an
important role in the inflammatory response and oxidative stress.
The synthesis of ALB significantly decreased in the acute phase
of the inflammatory reaction. Release of inflammatory mediators
and chemokines increases the permeability of the cell membrane,
resulting in ALB loss through its leakage from capillaries[21,22]. Lee
et al. demonstrated that ALB is an independent risk factor in 28-
day mortality in patients with CAP, with an odds ratio of 0.37[23].
Mehul et al. conducted a prospective study and showed that the ratio
of blood urea nitrogen to ALB is an independent risk factor for poor
prognosis in CAP[24].

We found that HBP+ALB was superior to HBP, PCT, CRP, and
WBC in the diagnostic prediction of the severity of CAP. This
study is a retrospective analysis of the clinical data of 226 patients
with CAP, which showed that HBP+ALB is highly valuable in the
assessment of CAP severity (AUC: 0.889). In fact, HBP+ALB has a
higher predictive value than that of HBP alone (AUC: 0.709). Both
HBP and ALB can be obtained directly from laboratory indicators
without conducting any further calculations. It also helps to avoid
any increase in the financial burden of patients.

In summary, HBP combined with ALB at admission can predict
the severity of CAP. Clinicians can evaluate the severity of CAP
based on the level of HBP+ALB, and then make an early diagnosis
and propose appropriate treatment. However, this study failed to
completely rule out the interference of the test results of patients
with CAP who had been treated with antibiotics and other drugs
outside the hospital, and further research is still needed.

Conlflict of interest statement

The authors report no conflict of interest.

Funding

This study received no extramural funding.



144

Authors’ contributions

JL, YZ, and YWL contributed to the conception and design of
the study, data analysis and interpretation, and the drafting and
substantial revision of this manuscript. YYH and SW contributed
to the acquisition of data. YTZ and BL revised the manuscript
and design of the study. All authors read and approved the final

manuscript.

References

[1] Yuan Y. Traditional chinese medicine research on adult community
acquired pneumonia. Med Inf2018; 31(23): 55-57.

[2] Ramirez JA, Wiemken TL, Peyrani P, Arnold FW, Kelley R, Mattingly
WA, et al. Adults hospitalized with pneumonia in the United States:
Incidence, epidemiology, and mortality. Clin Infect Dis 2017; 65(11):
1806-1812.

[3] Cilléniz C, Dominedo C, Garcia VC, Torres A. Community-acquired
pneumonia as an emergency condition. Curr Opin Crit Care 2018; 24(6):
531-539.

[4] Kanno MB, Brown PD. Community-acquired pneumonia: An overview.
Curr Infect Dis Rep 1999; 1(1): 49-56.

[5] Motamed H, Bashiri H, Yari F, Bozorgomid A, Rostamian M, Azarakhsh
Y, et al. Association between community-acquired pneumonia and platelet
indices: A case-control study. J Acute Dis 2021; 10(1): 23-27.

[6] Kaya AE, Ozkan S, Usul E, Arslan ED. Comparison of pneumonia
severity scores for patients diagnosed with pneumonia in emergency
department. Indian J Med Res 2020; 152(4): 368-377.

[7] Murillo-Zamora E, Medina-Gonzalez A, Zamora-Pérez L, Vazquez-
Yanez A, Guzman-Esquivel J, Trujillo-Hernandez B. Performance of
the PSI and CURB-65 scoring systems in predicting 30-day mortality in
healthcare-associated pneumonia. Med Clin (Barc) 2018; 150(3): 99-103.

[8] Chen L, Lu XY, Zhu CQ. Prognostic value of albumin-red cell distribution
width score in patients with severe community-acquired pneumonia. Ann
Palliat Med 2020; 9(3): 759-765.

[9] Karakioulaki M, Stolz D. Biomarkers in pneumonia-beyond procalcitonin.
Int ] Mol Sci 2019; 20(8): 2004.

[10]Shafer WM, Martin LE, Spitznagel JK. Cationic antimicrobial proteins
isolated from human neutrophil granulocytes in the presence of
diisopropyl fluorophosphate. Infect Immun 1984; 45(1): 29-35.

[11]1to A, Ishida T, Tokumasu H, Washio Y, Yamazaki A, Ito Y, et al.
Prognostic factors in hospitalized community-acquired pneumonia: A
retrospective study of a prospective observational cohort. BMC Pulm Med
2017; 17(1): 78.

[12]Chen L, Lu XY, Zhu CQ. Prognostic value of albumin-red cell

Jing Liw et al./ ] Acute Dis 2023; 12(4): 140-144

distribution width score in patients with severe community-acquired
pneumonia. Ann Palliat Med 2020; 9(3): 759-765.

[13]Nan SZ, Ning YL. Respiratory disease. Beijing: People’s Health
Publishing House; 2012.

[14]Huang C, Zhang C, Zhang J, Zhang L, Mo Y, Mo L. Heparin-binding
protein in critically Ill children with severe community-acquired
pneumonia. Front Pediatr 2021;9: 759535.

[15]Thomas CP, Ryan M, Chapman JD, Stason WB, Tompkins CP, Suaya JA,
et al. Incidence and cost of pneumonia in Medicare beneficiaries. Chest
2012; 142(4): 973-981.

[16]Zhu CN, Zhou YF, Zhu JB, Liu Y, Sun MY. NACHT, LRR, and PYD
domains-containing Protein 3 and LL-37: Prognostic value of new
biomarkers in community-acquired pneumonia. J Bras Pneumol 2019;
45(4): €20190001.

[17]Montull B, Menéndez R, Torres A, Reyes S, Méndez R, Zalacain R, et al.
Predictors of severe sepsis among patients hospitalized for community-
acquired pneumonia. PLoS One 2016; 11(1): e0145929.

[18]Morley D, Torres A, Cilléniz C, Martin-Loeches 1. Predictors of
treatment failure and clinical stability in patients with community
acquired pneumonia. Ann Transl Med 2017; 5(22): 443.

[19]Linder A, Soehnlein O, Akesson P. Roles of heparin-binding protein in
bacterial infections. J Innate Immun 2010; 2(5): 431-438.

[20]Cai R, Li H, Tao Z. Heparin-binding protein and procalcitonin in the
diagnosis of pathogens causing community-acquired pneumonia in adult
patients: A retrospective study. PeerJ 2021;9: e11056.

[21]Viasus D, Garcia-Vidal C, Simonetti A, Manresa F, Dorca J, Gudiol F, et
al. Prognostic value of serum albumin levels in hospitalized adults with
community-acquired pneumonia. J Infect 2013; 66(5): 415-423.

[22]Lee J, Kim K, Jo YH, Lee JH, Kim J, Chuang H, et al. Severe thinness
is associated with mortality in patients with community-acquired
pneumonia: A prospective observational study. Am J Emerg Med 2015,
33(2): 209-213.

[23]Lee JH, Kim J, Kim K, Jo YH, Rhee JE, Kim TY, et al. Albumin
and C-reactive protein have prognostic significance in patients with
community-acquired pneumonia. J Crit Care 2011; 26(3): 287-294.

[24]Agarwal M, Joshi M, Gupta M, Bharti N, Chakraborti A, Maldev Sonigra
M. Role of blood urea nitrogen and serum albumin ratio in predicting
severity of community acquired pneumonia (CAP). Monaldi Arch Chest

Dis 2021; 92(3). DOI: 10.4081/monaldi.2021.2091.

Publisher’s note

The Publisher of the Journal remains neutral with regard to

jurisdictional claims in published maps and institutional affiliations.



