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Background: Respiratory tract infection (RTT) is one of the most common diseases worldwide, and its
incidence is rising year by year due to environmental pollution. Sputum culture remains the gold standard
for RTT diagnosis, but its performance is limited by difficulties related to the sampling and testing of the
sputum specimens. Heparin-binding protein (HBP), procalcitonin (PCT), and C-reaction protein (CRP) are
Inflammatory markers. They have the advantage of being fast, accurate and reproducible, but limited by their
sensitivity and specificity. We explored the clinical value of the combined detection of them in the diagnosis
of bacterial RTTs.

Methods: Patients who fulfilled the inclusion criteria were selected as the case group, healthy age- and sex-
matched subjects were enrolled as a control group. The subjects’ HBP, PCT, and CRP levels were detected.
The case group was further divided into two groups according to the bacterial culture results, and the
differences in the markers were statistically analyzed. The receiver operating characteristic (ROC) curves
were drawn, and the areas under the ROC curve (AUCs) were calculated to analyze the diagnostic values of
each marker and their combination in parallel for bacterial RTTs.

Results: The plasma HBP, PCT, and CRP levels of patients in the bacterial and non-bacterial infection
groups were significantly higher than those of patients in the healthy control group, and were positively
correlated to the severity of the disease. for HBP with an AUC of 0.785 [95% confidence interval (CI):
0.686-0.884], a sensitivity of 0.821, a specificity of 0.771; PCT with an AUC of 0.767 (95% CI: 0.664-0.870),
a sensitivity of 0.773, a specificity of 0.791, and CRP with an AUC of 0.748 (95% CI: 0.642-0.854), a
sensitivity of 0.839, a specificity of 0.696 in the bacterial and non-bacterial infection groups. The combined
detection of HBP + CRP had the optimal diagnostic performance, with an AUC of 0.797 (95% CI: 0.698—
0.895; P<0.001), a sensitivity of 0.809, a specificity of 0.800.

Conclusions: The combined detection of HBP and CRP is valuable for diagnosing bacterial RTIs and

may guide the development of reasonable treatment protocols in clinical settings.
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Introduction

Respiratory tract infection (RTI) is one of the most
common diseases in clinical settings, and its pathogenic
microorganisms include bacteria, viruses, fungi, and
mycoplasma. The incidence of RTT increases year by year
due to environmental pollution; thus, RTTs pose a serious
threat to human health (1). Bacterial RTIs are common
in hospitalized patients. Sputum culture remains the gold
standard for the diagnosis of RTTs, but its diagnostic
efficiency is limited by the low sampling quality of the
sputum specimens and by the low positivity rate, poor
reliability, and long testing period of the culture (2).
Inflammatory markers, including heparin-binding protein
(HBP), procalcitonin (PCT) and C-reaction protein
(CRP), as they can help diagnose bacterial infection quickly
and early, have been increasingly used in the diagnosis
of bacterial RTTs (3-5); however, a single marker can be
released in the blood due to the occurrence of one or
more illness, often fails to support an accurate diagnosis
of the disease. The analysis of inflammatory markers in
combination or along with other tests could be helpful.
There have been relatively few studies on the combination
of these markers in the diagnosis of bacterial RTTs. So
we retrospectively investigated the performance of each
inflammatory marker and combinations of these markers
in the patients with bacterial RTTs, aims to improve their
sensitivity and specificity in the diagnosis of bacterial
RTTs. We present the following article in accordance with
the STARD reporting checklist (available at https://jtd.
amegroups.com/article/view/10.21037/jtd-22-260/rc).

Methods
General data

A total of 87 inpatients with RTTs at the Department of
Respiratory Medicine of the East Hospital of Sichuan
Provincial People’s Hospital from January 2019 to
December 2019 were enrolled in this study and divided into
the bacterial infection group (n=43) and the non-bacterial
infection group (n=44) based on bacterial culture results.
Additionally, 44 age- and sex-matched healthy volunteers
from the Health Check-Up Center, during the same period,
were enrolled as the healthy controls.

Inclusion criteria

To be eligible for inclusion in the study, patients had to
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meet the following inclusion criteria: (I) be an inpatient with
complete clinical data at the Department of Respiratory
Medicine of our hospital; (II) be aged >18 years; (III) for the
case group, meet the diagnostic criteria for respiratory tract
bacterial infection set out in the Guidelines for the Diagnosis
and Treatment of Respiratory Diseases (6), for the bacterial
infection group, have a positive culture result, and for the
healthy control group, be a healthy individual who had
received a health check-up at our hospital; and (IV) have
provided written informed consent (this could have been
provided by either the subject and/or a family member).

Exclusion criteria

Patients were excluded from the study if they met any of the
following exclusion criteria: (I) had incomplete test results or
missing information; (II) were aged <18 years; (III) showed
poor compliance; (IV) had received immunosuppressive
therapy; (V) had an active autoimmune disease; and/or (VI)
had received antibiotic treatment for >3 d before enrollment.

Judgment criteria

The diagnosis of RTT was based on the definition and
diagnostic criteria for RTT set out in the Guidelines for
the Diagnosis and Treatment of Respiratory Diseases (6).
Specifically, the patients had to (I) present with a cough,
mucous sputum, and wet rales in the lungs, and have 1 of
the following signs: (i) a fever; (ii) an increased white blood
cell (WBC) count and/or proportion of neutrophils; or
(iii) inflammatory infiltration in the lungs on X-ray; and
(II) have a chronic airway disease during the stable phase
(chronic bronchitis with or without obstructive emphysema,
asthma, or bronchiectasis) accompanied by a secondary
acute infection, and microbiological analysis or X-ray chest
results that revealed significant changes or new lesions
compared to those at admission.

Collection of clinical data

Clinical data, including the name, gender, age, admission
number, clinical diagnosis, HBP level, PCT level, and CRP
level, were collected from 43 patients with bacterial RTTs
and 44 patients with respiratory non-bacterial infections.
In addition, clinical data, including the name, gender, age,
HBP level, PCT level, and CRP level, were collected from
the 44 healthy subjects who had received health check-
ups at our hospital. A retrospective analysis was performed
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using these data. The study was conducted in accordance
with the Declaration of Helsinki (as revised in 2013). The
protocol was approved by the Medical Clinical Research
Ethics Committee of Sichuan Provincial People’s Hospital,
China (No. 2019-309-1). All the participants voluntarily
participated in this study and signed the informed consent
form.

Measurement of plasma HBP, PCT, and CRP levels

After the clinical data were collected and recorded, 3 mL of
peripheral blood was collected from the patients with RT1Is
at hospital admission, and then anticoagulated with sodium
citrate (at a ratio of 1:9). After the blood was centrifuged at
3,000 rpm for 15 min, the plasma was pipetted and gently
dispensed into Eppendorf tubes. The assay was completed
within 1 h.

The plasma HBP level was measured by an enzyme-
linked immunosorbent assay (ELISA) with a novel dry
immunofluorescence analyzer (Jet-istar 3000) and its
reagents (Joinstar, Zhejiang, China) with a 95% confidence
interval (CI) of 0.00-10.00 ng/mL. The PCT level was
determined by the electrochemiluminescence method
using a Roche E602 instrument and its reagents (Roche
Diagnostics GmbH, Mannheim, Germany) with a 95%
CI of 0.00-100.00 ng/mL. The plasma CRP level was
determined by immunoturbidimetric assay using a Beckman
Specific Protein Analyzer and its reagents (Beckman
Coulter Inc., CA, USA) with a 95% CI of 0.00-10.00 mg/L.
All the measurements were completed in the Clinical
Laboratory of our hospital.

Bacterial culture and identification of sputum specimens

(I)  Specimen collection: sputum specimens were collected
early in the morning after admission. Before each
sputum expectoration, all patients rinsed their mouths
with normal saline or received oral nursing. The first
sample of sputum was discarded, and the remaining
sputum was collected (7).

(II) Bacterial isolation and identification: the specimens
were first screened under a microscope, and a squamous
epithelial cell count of <10 and a WBC count of
>25 under a low-power field of view were regarded as
qualified. The specimens were then inoculated onto
sheep-blood agar and MacConkey agar for bacterial
identification according to the method described in
Bergey’s Manual of Systematic Bacteriology.
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Statistical methods

Statistical analyses and graphs were completed using
GraphPad Prism ver.7.0 (GraphPad Software, San Diego,
CA, USA). All the data were tested for normality using the
Kolmogorov-Smirnov (K-S) test. The normally distributed
data are presented as the mean =+ standard deviation, and
the non-normally distributed data are presented as the
50th percentile (P50; median) or P25-P75 (interquartile
range). The 7-test was used for pairwise comparisons, and
the chi square test was used for counting data comparisons.
A binary logistic regression analysis was used to calculate
the probability of bacterial RTTs by the use of combined
biomarker testing. First, the predicted probabilities of
different combinations of markers were calculated in
parallel by a binary logistic regression analysis. Second,
the receiver operating characteristic (ROC) curves were
constructed and the areas under the ROC curve (AUCs)
were calculated to assess the diagnostic performance of each
marker and their combinations. The chi-square test was
used to compare the percentages. All tests were two-tailed
and P<0.05 was considered significantly different.

Results
Patient clinical features

After the preliminary screening, 135 inpatients at the
Department of Respiratory Medicine of our hospital were
identified. After the history taking and physical examination,
21 ineligible patients and 27 patients with other pulmonary
diseases were excluded from the study. Ultimately, 87 patients
with bacterial RTIs were included in the study. Of the 65
individuals who received health check-ups, 21 were excluded
from the study due to the presence of chronic diseases and 44
were included in the study. Thus, 131 subjects were included
in the final analysis (see Figure I). There were 43 patients (19
male and 24 female) aged 67.0-85.0 years (median: 74.0 years)
in the bacterial infection group, 44 patients (18 male and
26 female) aged 66.0-80.0 years (median: 75.0 years) in the
non-bacterial infection group, and 44 subjects (20 male and
24 female) aged 56.0—-67.0 years (median: 63.0 years) in the
healthy control group.

Comparison of plasma HBP, PCT, and CRP levels

The levels of inflammatory markers in each group were
subjected to a K-S test, which showed that the P values in
all groups were below 0.05, indicating that the data were
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* Long-term dialysis (n=6)

e Use of antibiotics before admission (n=9)

e With active autoimmune systemic disease (n=6)

(n=65)

Y
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Tuberculosis (n=7)

Y

Y Lung cancer (n=1)
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Bacterial respiratory tract infection
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Figure 1 Flowchart of patient enrollment.

Table 1 Comparisons of plasma HBP, PCT, and CRP levels among the 3 groups

Group HBP (ng/mL)

PCT (ng/L) CRP (mg/L)

Bacterial infection group 30.01 (22.39, 44.75)*

Non-bacterial infection group 16.66 (9.46, 21.95)"

Healthy control group 8.54 (6.13, 12.16)

3.75 (2.04, 8.42)* 23.09 (12.16, 40.27)*

0.28 (0.04, 1.58)" 13.08 (6.48, 18.95)"

0.05 (0.03, 0.80) 7.22 (5.33,9.19)

*, Z2=22.70, 25.08, 21.86; P<0.05, compared to the healthy control group; * 7=22.09, 26.34, 6.39; P<0.05, compared to the healthy control
group. HBP, heparin-binding protein; PCT, procalcitonin; CRP, C-reaction protein.

non-normally distributed. Thus, P50 (P25, P75) was used to
describe the levels of inflammatory markers in each group
(see Table 1). The differences were statistically significant
between the bacterial infection and non-bacterial infection
groups, and between the bacterial infection group and the
healthy control group.

Results of ROC curve analysis for each marker

A ROC curve analysis was performed to assess the ability
of the 3 markers (i.e., plasma HBP, PCT, and CRP) to
diagnose bacterial RTTs (see Figure 2). The sensitivity,
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specificity, positive predictive value, negative predictive
value, and AUC of each marker are set out in Tiable 2. The
AUC:s of all 3 markers were >0.85, indicating that these
markers had good diagnostic ability to distinguish between
patients with bacterial RTTs and healthy individuals.

A ROC curve analysis was performed to assess the value
of plasma HBP, PCT, and CRP in distinguishing between
bacterial RTIs and non-bacterial RTTs, and the AUCs
were calculated to assess their diagnostic performance (see
Figure 3). The sensitivity, specificity, positive predictive
value, negative predictive value, and AUC of each marker
are set out in Table 3. The AUCs of all 3 markers were
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Figure 2 ROC curves of HBP, PCT, and CRP for diagnosing
bacterial RTIs. ROC, receiver operating characteristic; HBP,
heparin-binding protein; PCT, procalcitonin; CRP, C-reaction

protein; RTI, respiratory tract infection.
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Figure 3 ROC curves of HBP, PCT, and CRP for diagnosing
bacterial and non-bacterial RTIs. ROC, receiver operating
characteristic; HBP, heparin-binding protein; PCT, procalcitonin;
CRP, C-reaction protein; RTT, respiratory tract infection.

Table 2 Diagnostic performance of HBP, PCT, and CRP in distinguishing between patients with bacterial RTTs and healthy individuals

Marker SEN SPE PPV NPV +LR -LR Odds ratio  Yuden Cut-off AUC
HBP (ng/mL) 0.895 0.816 0.791 0.909 4.871 0.129 37.778 0.700 18.965 0.886
PCT (ng/L) 0.875 0.829 0.814 0.886 5.141 0.151 34.125 0.700 1.148 0.879
CRP (mg/L) 0.854 0.826 0.814 0.864 4.909 0.177 27.708 0.678 11.855 0.854

HBP, heparin-binding protein; PCT, procalcitonin; CRP, C-reaction protein; RTI, respiratory tract infection; SEN, sensitivity; SPE, specificity;
PPV, positive predictive value; NPV, negative predictive value; +LR, positive likelihood ratio; -LR, negative likelihood ratio; AUC, areas

under the receiver operating characteristic curve.

Table 3 Diagnostic performance of HBP, PCT, and CRP in distinguishing between patients with bacterial RTTs and those with non-bacterial RTTs

Marker SEN SPE PPV NPV +LR -LR Oddsratio  Yuden Cut-off AUC
HBP (ng/mL) 0.821 0.771 0.744 0.841 3.580 0.233 15.377 0.585 24170 0.785
PCT (ng/L) 0.773 0.791 0.791 0.773 3.691 0.287 12.844 0.563 1.846 0.767
CRP (mg/L) 0.839 0.696 0.605 0.886 2.763 0.232 11.929 0.491 21.045 0.748

HBP, heparin-binding protein; PCT, procalcitonin; CRP, C-reaction protein; RTI, respiratory tract infection; SEN, sensitivity; SPE, specificity;
PPV, positive predictive value; NPV, negative predictive value; +LR, positive likelihood ratio; —LR, negative likelihood ratio; AUC, areas

under the receiver operating characteristic curve.

<0.8, indicating that these markers had limited value in
distinguishing between patients with bacterial RTTs and
those with non-bacterial RTTs.

Correlation analysis

A binary logistic regression analysis was performed to
investigate the relationships among these 3 inflammatory
markers. Positive correlations were found among HBP,
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PCT, and CRP (see Tuble 4).

Diagnostic value of combined detection of HBP, PCT, and
CRP in differentiating between bacterial and
non-bacterial RTIs

The ROC curves of multiple combined detection markers
were constructed based on the results of the binary
logistic regression analysis (see Figure 4). The diagnostic
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Table 4 Correlation analysis of HBP, PCT, and CRP

Marker Item HBP PCT CRP
HBP Pearson correlation 0.802**  0.814*
Significance (2-sided) 0.000 0.000
PCT Pearson correlation 0.802** 0.646™
Significance (2-sided) 0.000 0.000
CRP Pearson correlation 0.814* 0.646™

Significance (2-sided) 0.000 0.000

*k

, significantly correlated at the 0.01 level (2-sided). HBP,
heparin-binding protein; PCT, procalcitonin; CRP, C-reaction
protein.
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Figure 4 ROC curves of different combinations of HBP, PCT,
and CRP for diagnosing bacterial and non-bacterial RTTs. ROC,
receiver operating characteristic; HBP, heparin-binding protein;
PCT, procalcitonin; CRP, C-reaction protein; RTI, respiratory

tract infection.

performance of these combinations is set out in 7able 5. The
results showed that the combined HBP + CRP assay had
the largest AUC.

Discussion

Bacterial RTT is one of the most common and deadly
conditions among hospitalized patients. The abuse of
antibiotics and immunosuppressants in recent decades
has led to an increase in antibiotic resistance, which has
seriously affected the therapy outcomes (8). Thus, it is
important to find biomarkers that can be used to diagnose
bacterial RTTs early, accurately and effectively and to
identify their advantages and limitations. The present study
showed that the combined detection of HBP, PCT, and/or
CRP was valuable in the early diagnosis of bacterial RTTs,
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which is helpful in guiding the rational use of antibiotics,
reducing the mortality rate and hospitalization costs, and
lowering the socioeconomic burden. We found that plasma
HBP, PCT, and CRP were significantly increased in patients
with bacterial RTTs and were significantly correlated with
inflammation severity. Additionally, the ROC curve analysis
revealed that the diagnostic performance was significantly
improved by combining these inflammatory markers.

PCT and CRP are the commonly used markers in the
clinical diagnosis of bacterial RTTs, and HBP is a relatively
new marker. PCT, a protein of 116 amino acids, is the
peptide precursor of calcitonin. It is present in very small
amounts in the sera of normal individuals; however, it can
be detected 2 hours after the onset of bacterial infection and
reaches its peak in 6-8 hours (9). In our current study, the
PCT level gradually increased with inflammation severity, as
observed in the bacterial infection group, the non-bacterial
infection group, and the healthy control group, and the
differences between the groups were statistically significant.
With a PCT cut-off value of 1.846 ng/L, the AUC was 0.767,
with a sensitivity of 0.773, a specificity of 0.791, a positive
predictive value of 0.791, and a negative predictive value of
0.773, for diagnosing bacterial RTTs. Notably, PCT level had
a higher diagnostic specificity than the other markers. CRP
is an acute-phase reactant produced in the liver. Generally,
CRP secretion begins within 4-6 h of inflammation and
peaks at 36-50 h. A variety of non-infectious factors (e.g.,
trauma, surgery, and burns) can cause an increase in CRP,
which affects the sensitivity and specificity of CRP in the
diagnosis of bacterial infections (4,10).

HBP, also known as azurocidin or CAP37, is a
neutrophil-derived mediator of inflammation (11).
HBP has anti-microbial activity, and its effect against
bacteria is accomplished by binding to bacterial cells,
followed by phagocytosis by monocytes. In addition
to its antimicrobial properties, HBP also induces the
chemotaxis of inflammatory cells and increases the anti-
inflammatory response. Additionally, HBP alters vascular
permeability (12-14). Blood HBP levels are extremely low
in healthy individuals. When an infection occurs, some of
the organisms invade the blood and activate neutrophils to
release HBP, which leads to an increase in the blood HBP
level (15-17). In our current study, the HBP levels differed
significantly among the 3 groups and were closely correlated
to the severity of the disease. With a HBP cut-off value
at 24.170 ng/mL, the AUC was 0.785, with a sensitivity
of 0.821, a specificity of 0.771, a positive predictive value
of 0.744, and a negative predictive value of 0.841, for
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Table 5 The diagnostic performance of the combinations of HBP, PCT, and CRP
Marker SEN SPE PPV NPV +LR -LR Odds ratio  Yuden AUC
HBP + PCT 0.756 0.786 0.791 0.750 3.526 0.311 11.333 0.541 0.783
HBP + CRP 0.809 0.800 0.791 0.818 4.048 0.238 17.000 0.609 0.797
PCT + CRP 0.778 0.706 0.651 0.886 2.762 0.232 11.929 0.469 0.780
HBP + PCT + CRP 0.761 0.804 0.814 0.750 3.899 0.297 13.125 0.564 0.794

HBP, heparin-binding protein; PCT, procalcitonin; CRP, C-reaction protein; SEN, sensitivity; SPE, specificity; PPV, positive predictive
value; NPV, negative predictive value; +LR, positive likelihood ratio; -LR, negative likelihood ratio; AUC, areas under the receiver operating

characteristic curve.

diagnosing bacterial RTTs. Notably, HBP had the highest
diagnostic performance compared to the other 2 markers.

However, in the new era of precision medicine, any single
marker, which is limited by its sensitivity and specificity, can
fail to support an accurate diagnosis of a disease. Thus, the
combinations of multiple markers are often required to meet
the new requirements for the precise diagnosis and treatment
of a specific disease. To identify the optimal combination
for the diagnosis of bacterial RTTs, we adopted the method
suggested by Doseeva ez 4. (18) in the present study. First, the
predicted probabilities of different combinations of markers
were calculated by a binary logistic regression analysis.
Second, a ROC curve analysis was performed based on the
predicted probabilities, and the diagnostic performance
of the combined testing was compared by calculating the
AUGC:s. The results showed that the combined HBP + CRP
assay had the largest AUC. Thus, we concluded that the
combined HBP + CRP test is the best combination for the
diagnosis of bacterial RTTs, and may enable the rapid and
efficient diagnosis of bacterial RTTs and thus inform clinical
decision-making in a timely and effective manner.

Our study had some limitations. First, the small sample
size limits the generalizability of our findings. Second,
the possibility that some subjects used antibiotics and
antipyretic-analgesics outside our hospital could not be
completely ruled out. Third, all the subjects were elderly
people and most of them had underlying conditions, such
as hypertension and diabetes, and we cannot exclude the
possibility that these underlying diseases affected the test
results. In our future studies, we will increase the sample
size, and engage in strict history taking to rule out the
above-mentioned interfering factors.
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