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Meta-analysis of the accuracy of CD64, HBP, and PCT in differential
diagnosis of sepsis patients
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Abstract

Introduction: The aim of this study was to systematically evaluate the accuracy of the cluster of differentiation 64 (CD64) molecule, heparin
binding protein (HBP), and procalcitonin (PCT) in the differential diagnosis of sepsis patients.

Methodology: Literature in multiple Chinese and English databases were searched to screen for CD64, PCT, and HBP related studies that
focused on the differential diagnosis of sepsis. The literature was reviewed to extract the true positive, false positive, true negative, and false
negative data; and STATA 17.0 software was used to combine the sensitivity, specificity, and area under the sensitivity receiver operating
characteristic curve (SROC) of CD64, PCT, and HBP.

Results: This study included 17 articles. The combined sensitivity of CD64, HBP, and PCT were 0.87 [0.73~0.94], 0.85 [0.71~0.93], and 0.86
[0.64~0.96], respectively. The combined specificity of CD64, HBP, and PCT were 0.87 [0.78~0.93], 0.80 [0.06~1.00], and 0.63 [0.23~0.91],
respectively; and all showed significant heterogeneity. There was a significant change in diagnostic odds ratio (DOR) values after excluding
individual studies. The DOR value was overestimated when the sample size was small. The specificity of research in China was relatively low.
Conclusions: CD64, HBP, and PCT are all useful in the diagnosis of sepsis; and further optimization of diagnostic thresholds is needed before
clinical application to improve the quality of testing. A prospective study with larger sample size is needed to improve the reliability of meta-

analysis results.
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Introduction

Sepsis is a serious infectious disease associated
with high mortality rates [1]. In China, the incidence
rate of intensive care unit (ICU) sepsis was 20.6%, the
case fatality rate was 35.5%, and the case fatality rate
of severe sepsis was > 50% in 2022 [2]. Sepsis has a
hidden onset, rapid progression, and difficult diagnosis.
The clinical manifestations of sepsis are diverse and
often not specific, resulting in frequent misdiagnosis
with other systemic inflammatory response syndromes
(SIRS) [3]. At present, there is no gold standard for the
diagnosis of sepsis, and clinical judgment needs to be
based on the patient's infection history, physical signs,
laboratory tests, and imaging examinations [4]. Early
identification and timely treatment of sepsis are key to
reducing mortality and improving prognosis. Multiple
serological indicators are often used for auxiliary
diagnosis in clinical practice due to the complex
pathogenesis of sepsis. Therefore, early diagnosis of
sepsis requires examination of various serological
factors.

The expression level of neutrophil cluster of
differentiation 64 (CD64) as a lysozyme receptor can

indicate infection and inflammatory response [5], and
procalcitonin (PCT) is a prostaglandin induced by
inflammatory mediators in response to bacterial
infection [6]. Researchers have determined that the
expression of CD64 is superior to PCT and C-reactive
protein (CRP) in diagnosing sepsis in the ICU [7]. Gu
et al. reported that PCT levels can effectively
distinguish sepsis infections in leukemia patients [8].
Rothe et al. proposed that the use of PCT and hematuria
culture can improve the diagnostic rate of urinary sepsis
in hospital patients [9]. Kapoor et al. reported that PCT
is helpful in distinguishing the septic course and drug
hypersensitivity response of discitis [10]. Spoto et al.
suggested that the combined application of PCT and
mid-regional pro-adrenomedullin (MR proADM) can
improve the etiological diagnosis and prognosis
prediction of sepsis and septic shock [11]. Song et al.
have shown that interleukin 6 (IL-6), pronucleus 3
(PN3), and PCT can assist in distinguishing sepsis from
septic shock [12]. This indicates that PCT is suitable for
distinguishing sepsis and septic shock. Heparin binding
protein (HBP) is present in Gram-negative bacteria and
binds to lipopolysaccharides [13]. Thus, all three
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(CD64, PCT, and HBP) can serve as markers of
infection and inflammation.

A study with low sample size determined that CD64
can be used for determining the diagnostic stage of
sepsis, and even for differentiating from bacterial
infections. PCT can be used for early diagnosis of
patients with alcoholic hepatitis and sepsis [14,15].
Some scholars also believe that changes in HBP and
PCT within 72 hours of admission can help predict the
severity of septic shock patients in the ICU [16].
Researchers have used HBP as a tool for early diagnosis
of sepsis and risk of early death in the emergency room
[17,18]. Thus, CD64, PCT, and HBP are evaluation
indicators for early diagnosis of sepsis. However, the
diagnostic value of CD64, PCT, and HBP in the clinical
differential diagnosis of sepsis varies depending on the
research findings, and the independent differential
efficacy of the three markers is controversial.

Although existing research suggests that CD64,
PCT, and HBP may be helpful in the diagnosis of
sepsis, there are some methodological limitations,
including small sample sizes, inconsistent testing
methods, lack of quality evaluation, and publication
bias; which may reduce the reliability of the results.
Therefore, this study aimed to conduct a systematic
evaluation and meta-analysis of diagnostic tests based
on strict screening of selected studies, in order to
provide more reliable evidence support. This study
evaluated the sensitivity, specificity, positive likelihood
ratio, negative likelihood ratio, and other indicators of
CD64, PCT, and HBP; and compared differences in
their efficacy using a summary of subject work
characteristic curves. The study assumed that CD64,
HBP, and PCT can be used for the differential diagnosis

Figure 1. Schematic diagram of the screening process.
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of sepsis; but their efficacy varies to some extent. All
selected studies underwent quality evaluation to reduce
the impact of bias on the meta-analysis results. The
study evaluated and compared the application value of
CD64, HBP, and PCT in the differential diagnosis of
sepsis, and provided evidence-based conclusions for the
standardized diagnosis and treatment of sepsis. The
results of this study provide a more reliable reference
for sepsis diagnosis and treatment decisions.

Methodology
Search strategy

An advanced search of literature databases was
conducted using the search terms: "sepsis", "CD64",
"PCT", "HBP", their synonyms, and theme words. The
search was conducted in Chinese and English databases
such as PubMed, EMBASE, Cochrane Library, China
National Knowledge Infrastructure (CNKI), Wanfang
Database, and Weibo. At the same time, manual
reference screening was conducted to obtain all existing
literature that evaluated the effectiveness of CD64,
PCT, and HBP in the differential diagnosis of sepsis.
Unpublished research was not considered. The
language was limited to Chinese and English.

The inclusion criteria were: (1) The study subjects
were adult sepsis patients. (2) All prospective or
retrospective studies using CD64, PCT, or HBP for the
differential diagnosis of sepsis. (3) The number of true
positive, false positive, true negative, and false negative
cases were provided in the study; or sensitivity and
specificity could be calculated from the raw data.

The exclusion criteria were: (1) Studies with fewer
than 30 cases. (2) Studies where true positive, false
positive, true negative, and false negative cases could
not be extracted from the data provided in the article.
(3) Repeatedly published research. (4) Studies for
which the original literature could not be obtained, such
as conference summaries. A rigorous literature
screening process was used to obtain authentic and
reliable high-quality research, to have a reliable basis
for performance evaluation in this meta-analysis.

Literature screening

After obtaining potentially relevant literature
through database retrieval, the title and abstract were
reviewed for preliminary screening, and literature that
clearly did not meet the standards were excluded. Next,
the articles were downloaded and the full text was
reviewed to determine the suitability of each literature
according to the predetermined inclusion and exclusion
criteria. Two evaluators independently conducted
literature screening and cross checked before deciding

756



Qiu et al. — Meta-analysis of diagnostic accuracy in sepsis

Table 1. Chi-square test criteria.
Chi -square test Result
2 > <50%
I’>50%

whether the articles would be included in the study. The
reasons for exclusion were documented throughout the
entire process. If the results of two reviewers are
inconsistent, a third reviewer decided whether to
include the literature.

Data extraction

Two evaluators independently read the included
articles and extracted the following information
according to a predetermined table: study
characteristics (study design, sample size, etc.); and true
positive, false positive, true negative, and false negative
cases. Questionable research studies identified during
the extraction were resolved through discussion or
contact with the original author.

Quality evaluation

The QUADAS-2 tool was used to evaluate the
quality of the included studies [19]. The risk assessment
covered four areas: patient selection, test gold
standards, test indicators to be evaluated, and
outflow/inflow status. The risks in each field are
divided into three levels: high quality (@), low quality

(®), and unclear ( ?). Two evaluators independently

conducted quality evaluations and resolved differences
through discussion. The evaluation followed strict
screening, extraction, and quality evaluation protocols

Table 2. Basic characteristics of included literature.

J Infect Dev Ctries 2025; 19(5):755-765.

Research method
Fixed effects model
Random effect model

Performance
Low heterogeneity
Significant heterogeneity

to obtain authentic and reliable raw data; and provide
high-quality evidence support for the meta-analysis.

Statistical analysis

The meta-analysis was performed with the Stata
12.0 software. The efficacy of CD64, PCT, and HBP in
the differential diagnosis of sepsis was evaluated using
sensitivity, specificity, and 95% confidence interval
(CI) as the response measures. First, the dataset from
the selected literature was loaded into Stata, Then the
dependent and independent variables were specified;
the independent variables being CD64, PCT, and HBP;
and the dependent variable was the patient's treatment
outcome. The xtset in the software was used to specify
the panel data structure, and the xtmixed and other
commands were used to estimate the mixed model
effect. Finally, the estat mtest command was used for
meta-analysis. Chi square test was used to evaluate
heterogeneity between studies. The standards for
testing heterogeneity using Chi square test are shown in
Table 1.

The study used Chi square test to analyze the
sensitivity of biomarkers to heterogeneity changes,
analyzing the main sources of heterogeneity by
examining the sensitivity changes of the biomarkers
under low and significant heterogeneity conditions.
Stata was used to calculate the comprehensive
sensitivity and specificity, diagnostic odds ratio (DOR),

Authors Years Region Diagnosis criteria SainI;Ele Biomarker
Dimoula et al. [35] 2014 Belgium ISDC 468 CD64
Gerrits et al. [36] 2013 Netherlands ISDC 44 CD64
Bauer et al. [37] 2016 America Clinical 196 CD64
Bauer et al. [37] 2016 America Clinical 216 PCT
Gamez-Diaz et al. [38] 2011 Colombia Clinical 610 CD64
Gros et al. [39] 2012 France clinical, culture+ 293 CD64
Hsu et al. [40] 2011 China clinical, culture+ 66 CD64
Hsu et al. [40] 2011 China clinical, culture+ 66 PCT
Qian et al. [41] 2017 China Sepsis3.0 108 HBP
Qian et al. [41] 2017 China Sepsis3.0 108 PCT
Jamsad et al. [42] 2015 Finland Clinical 42 CD64
Kahn et al. [43] 2019 Sweden, Switzerland, and Canada Sepsis2.0 332 HBP
Kofoed et al. [44] 2007 Denmark Clinical, culture+ 151 PCT
Linder et al. [45] 2012 Sweden Sepsisl.0 154 HBP
Linder et al. [45] 2015 Sweden, the United States, and Canada Sepsis1.0 487 HBP
Llewelyn et al. [46] 2013 England Sepsis2.0 162 HBP
Meynaar et al. [47] 2011 Netherlands Clinical, culture+ 76 PCT
Papadimitriou-Olivgeris et al. [48] 2015 Greece Clinical, culture+ 66 CDo64
Selberg et al. [49] 2000 Germany Clinical, culture+ 33 PCT
Zhou et al. [50] 2019 China Sepsis3.0 181 HBP
Zhou et al. [50] 2019 China Sepsis3.0 181 PCT

CD64: cluster of differentiation 64; HBP: heparin binding protein; PCT: procalcitonin; ISDC: international standard diagnostic codes.
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and area under the summarized subject operating
characteristics (SROC) curve of the included studies. It
is possible to intuitively understand which test is more
effective in a specific context by comparing the SROC
curve areas of different diagnostic tests. Sensitivity
analysis was conducted on the included studies and
changes were observed in the aggregated effect quantity
after excluding a particular study to determine the
robustness of the results. Subgroup analysis was
conducted based on sample size and region, to evaluate
the impact of the different features on diagnostic
efficacy.

Results
Research screening

A total of 2,987 articles were screened, which
included 1,281 articles from PubMed, 334 articles from
Embase, 685 articles from Cochrane Library, 422
articles from China National Knowledge Infrastructure
(CNKI), 106 articles from Wanfang Database, and 159
articles from Wikipedia. A total of 2,311 articles were
retained after removing duplicate publications. 2,205
articles were preliminarily excluded after reading the
abstracts and titles of the retained literature. Next, the
articles were carefully read and 17 diagnostic studies
were identified, including 8 related to CD64, 6 related
to HBP, and 7 related to PCT (of which 5 were observed
with 2 indicators). Figure 1 shows the schematic
diagram of the screening process.

The basic characteristics of these 17 articles are
summarized in Table 2. The quality of the literature was
determined to be medium to high level (Table 3).

Table 3. Results of quality evaluation of included literature.

J Infect Dev Ctries 2025; 19(5):755-765.

Methodological results

The results of statistical analyses of the relevant
data in the included study are summarized in Table 4.
The combined sensitivity of CD64 was 0.87
[0.73~0.94], the combined specificity was 0.87
[0.78~0.93], the combined positive likelihood ratio was
6.9 [3.6~13.1], the combined negative likelihood ratio
was 0.15 [0.07~0.34], and the combined DOR was 46
[12~177]. The combined sensitivity of HBP was 0.85
[0.71~0.93], the combined specificity was 0.80
[0.06~1.00], the combined positive likelihood ratio was
4.3 [0.1-132.4], the combined negative likelihood ratio
was 0.19 [0.04~0.79], and the combined DOR was 23
[0-2868]. The combined sensitivity of PCT was 0.86
[0.64-0.96], the combined specificity was 0.63 [0.23—
0.91], the combined positive likelihood ratio was 2.4
[0.7-7.6], the combined negative likelihood ratio was
0.21 [0.05-0.90], and the combined DOR was 11 [1—
127]. The combined sensitivity of the three indicators
was 0.87 [0.80~0.92], the combined specificity was
0.80 [0.69-0.88], the combined positive likelihood ratio
was 4.4 [2.7-7.2], the combined negative likelihood
ratio was 0.16 [0.10-0.25], and the combined DOR
ratio was 28 [12—-64].

Risk of bias Applicability concerns
Authors Patient Index Reference l;l::(;v Patient Index Reference
selection test standard - selection test standard
timing
Dimoula et al. [35] ? @) e) e) 3) &) ®©
Gerrits et al. [36] @) @) ? e) ) e) ©
Bauer et al. [37] e) @) ? ) © ®© ®©
Gamez-Diaz et al. [38] © © © © © © ©
Gros et al. [39] @) @) @) @ 3) &) ©
Hsu et al. [40] e) ? @) @ 3) &) ©
Qian et al. [41] © © © © © © ©
Jamsa et al. [42] © © © © © © ©
Kahn et al. [43] @) @) ®@ e) ) ®© ©
Kofoed et al. [44] © © © © © © ©
Linder et al. [45] e) ? e) e) © &) ©
Linder et al. [45] @) @) ® e) © &) ©
Llewelyn et al. [46] © © © © © © ©
Meynaar et al. [47] @) @) @) @ ) ®© ©
Papadimitriou-Olivgeris ef al. [48] © ® © © © © ©
Selberg et al. [49] © © © © © © ©
Zhou et al. [50] @) @ @) @) ) © ©

© low risk; @ high risk; ? unclear risk.
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Table 4. Relevant results of the included studies.
Authors Years TP FP FN TN
Dimoula et al. [35] 2014 92 47 11 318
Gerrits et al. [36] 2013 25 1 0 18
Bauer et al. [37] 2016 84 20 26 66
Bauer et al. [37] 2016 88 25 32 71
Gamez-Diaz et al. [38] 2011 266 73 138 133
Gros et al. [39] 2012 93 16 55 129
Hsu et al. [40] 2011 49 1 6 10
Hsu et al. [40] 2011 31 0 24 11
Qian ez al. [41] 2017 41 37 18 0
Qian ez al. [41] 2017 33 37 26 0
Jamsé et al. [42] 2015 27 1 0 14
Kahn et al. [43] 2019 8 26 4 294
Kofoed et al. [44] 2007 77 23 19 32
Linder et al. [45] 2012 109 14 17 14
Linder et al. [45] 2015 110 82 31 264
Llewelyn et al. [46] 2013 68 48 19 27
Meynaar et al. [47] 2011 31 9 1 35
Papadimitriou-Olivgeris et al. [48] 2015 24 3 34
Selberg et al. [49] 2000 19 5
0
9

Zhou et al. [50] 2019 56
Zhou et al. [50] 2019 93
FN: false negative; FP: false positive; TN: true negative; TP: true positive.

5
3
0 88
0 56

Figure 2A. the overall forest map; B. forest map of CD64 related literature; C. forest map of HBP related literature; D. forest map of PCT
related literature. The black boxes in the figure represent the OR values of each study, and the horizontal line represents 95% confidence
interval.
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Figure 3A. the overall SROC diagram; B. the SROC diagram of CD64 related literature; C. SROC diagram of HBP related literature; D.

SROC diagram of PCT related literature.

A

The x-axis in the figures represent the sensitivity of the diagnostic test; the y-axis in the figures represent the specificity of the diagnostic test, o represents a
point contributed by each study, and the curve represents the sensitivity and specificity at different cut-off values. CD64: cluster of differentiation 64; HBP:
heparin binding protein; PCT: procalcitonin; SROC: sensitivity receiver operating characteristic curve; AUC: area under the curve; SENS: sensitivity; SPEC:

specificity.

The overall forest map (Figure 2A) showed
sensitivity I* = 92.98 [90.91~95.06] and specificity I* =
94.74 [93.32~95.16]. The forest map of CD64 related
literature (Figure 2B) showed sensitivity I* = 96.46
[95.04~97.89] and specificity I* = 94.25 [91.57~96.93].
HBP related literature forest map (Figure 2C) showed
sensitivity I* = 95.77 [93.66~97.89] and specificity I* =
98.25 [97.59~98.92]. The forest map of PCT related
literature (Figure 2D) showed that sensitivity I* = 92.48
[88.38~96.57] and specificity I* = 93.76 [90.54~96.98].

SROC plots of multiple diagnostic test results

Figure 3 shows that the combined total effect value
area under the curve (AUC) of the overall SROC curve
was 0.91 [0.88~0.93]. The combined total effect value
AUC of the SROC curve of CD64 related literature was
0.93[0.91~0.95]. The combined total effect value AUC
of the SROC curve of HBP related literature was 0.87
[0.84~0.90]. The combined total effect value AUC of
the SROC curve of PCT related literature was 0.85
[0.82~0.88].

Sensitivity analysis

After excluding the studies one by one, it was found
that the DOR continued to decrease at 46 [12—177], and
the meta-analysis results showed some sensitivity to
individual studies. This was especially the case after

Table 5. Statistical analysis of meta-analysis publication bias.

excluding the research results of Gerrits et al. [36] when
the DOR value decreased by about half from 17 [4-64].
This led to significant aggregation effects that may have
existed in this study, and indicated that the meta-
analysis results were not very robust.

Post biased reviews

The bias coefficient p values for publication bias of
overall, HBP, and PCT were 0.104, 0.562, and 0.827,
respectively (Table 5). The p values of the bias
coefficients for publication bias of CD64 were all
0.034, indicating a significant bias coefficient. The
funnel plot was skewed to the right, indicating a
significant publication bias and an increased effect in
small sample research reports (Figure 4). The
publication bias in Figure 4B was the most obvious.
Deeks’ funnel plot asymmetry test value reached 0.03,
showing a significant right side bias phenomenon,
indicating the existence of publication bias driven by

small sample studies, and its reliability was
questionable.
Subgroup analysis

The sensitivity and specificity were relatively close
between subgroups with sample sizes < 100 and > 100,
but there were certain differences in DOR (13 vs 23)
(Table 6). As the sample size boundary was adjusted to

Index yb Coefficient Standard error t p 95% CI
Whole Bias 21.35693 12.52329 1.71 0.104 —4.854616~47.56847
Intercept 1.382945 1.012698 1.37 0.188 —.7366558~3.502547
CD64 Bias 33.10049 12.11305 2.73 0.034 3.460937~62.74005
Intercept 0.5702784 0.8728415 0.65 0.538 — 1.565488~2.706045
HBP Bias —9.252044 65.83008 -0.14 0.895 —192.0256~173.5216
Intercept 3.333038 5.282585 0.63 0.562 —11.33377~17.99984
PCT Bias —11.33583 49.20954 -0.23 0.827 —137.8330~115.1613
Intercept 3.650547 4.772166 0.76 0.479 —8.616696~15.91779

CD64: cluster of differentiation 64; HBP: heparin binding protein; PCT: procalcitonin; CI

: confidence interval.
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Figure 4A. the overall funnel diagram; B. funnel diagram of CD64 related literature; C. funnel diagram of HBP related literature; D. funnel

diagram of PCT related literature.
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Each point in the graph represents a separate study, with the horizontal axis representing the magnitude of the effect and the vertical axis representing the
standard error or reciprocal of the sample size. The straight line represents the position of the aggregated effect quantity, usually centered on the aggregated
effect quantity calculated by meta-analysis. CD64: cluster of differentiation 64; HBP: heparin binding protein; PCT: procalcitonin; ESS: effect size

standardization.

200, the DOR of the <200 group was smaller (13 vs 21)
and had higher specificity. The Chinese studies had a
slightly higher sensitivity but lower specificity (0.46)
and lower DOR (6 vs 16). The non-Chinese studies had
a higher specificity (0.78) and a higher DOR (16).

When the sample size in the subgroup analysis of
CD64 was > 100, the DOR was 13 [5-33], and when
the sample size was < 100, the DOR was 277 [29-
2621]. As the sample size decreased, the DOR of CD64
increased.

Discussion

From a pathological perspective, increased vascular
permeability may lead to the accumulation of tissue
fluid, insufficient intravascular fluid, and ultimately
lead to septic shock and multiple organ dysfunction
syndrome [20]. The results of this study showed that the
combined sensitivity of CD64 was 0.87 [0.73~0.94],
and the combined specificity was 0.87 [0.78~0.93]. The
combined sensitivity of HBP was 0.85[0.71~0.93], and
the combined specificity was 0.80 [0.06~1.00].
Compared to the results of Dou et al., the results of this
study showed that the AUC (0.82) of HBP changed at
48 hours and had a higher predictive accuracy for
mortality within 30 days [21]. The reason for this result
may be that this study used meta-analysis to determine
the diagnostic ability of HBP for severe sepsis, which

Table 6. Sample size and regional subgroup analysis results.

improved the accuracy of prediction. In addition, the
combined sensitivity of PCT was 0.86 [0.64~0.96], and
the combined specificity was 0.63 [0.23~0.91]. The
sensitivity and specificity of the three biomarkers were
greater than 0.80, indicating that CD64, HBP, and PCT
had good ability to differentiate between sepsis patients
and non-sepsis patients. When these three biomarkers
were positive, patients had a higher probability of
developing sepsis. When the markers were negative, the
probability of developing sepsis was lower. This result
is similar to that of Wu et al., but the difference between
the present study and that of Wu ef al. is that in this
study, the specificities of CD64 and HBP were high
(both > 0.80), indicating a lower false positive rate and
a lower possibility of misdiagnosis. The specificity of
PCT was low (0.63) and there were certain false
positive results [22].

To address the above issues, a combined detection
kit for these three biomarkers, as proposed by the Torres
et al., can be used to reduce false positive results [23].
Different biomarkers target different aspects of sepsis
diagnosis. For example, CD64 is more suitable for early
infection diagnosis [24], PCT monitors Gram negative
and positive bacterial infections [25], and HBP is a
monitoring indicator of the severity of sepsis related
cardiovascular organ dysfunction [26]. Cabral et al.
found that PCT had good discriminatory value in burn

Subgroup classification Number of groups Combined sensitivity Combined specificity Combined DOR
Sample size
<100 9 0.86 [0.78~ 0.92] 0.68 [0.38~0.88] 13 [3~64]
> 100 12 0.85[0.73~0.92] 0.80 [0.66~ 0.89] 23 [6~ 86]
<200 15 0.74 [0.65~ 0.82] 0.82[0.73~0.89] 13 [6~28]
> 200 6 0.89 [0.79~ 0.94] 0.73 [0.39~0.92] 21 [3~151]
Area
China 6 0.87 [0.63~0.96] 0.46 [0.01~0.98] 6 [0~779]
Non-China 15 0.82 [0.76~ 0.87] 0.78 [0.68~0.86] 16 [8~33]

DOR: diagnostic odds ratio.
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sepsis patients [27]. Reasonable selection and
combination of different biomarkers can improve the
accuracy of diagnosis. These three biomarkers can also
be combined with clinical manifestations and other
diagnostic test results to establish a more robust
prediction system using multivariate models.

However, the I? values of the heterogeneity tests for
the three biomarkers were relatively high, at 96.46%,
95.77%, and 92.48%, respectively, indicating
significant heterogeneity in the results between the
different studies. This result is similar to that of Menon
et al., and the possible reasons for this result may be
differences in patient population, testing methods, and
other aspects [28]. Therefore, although the sensitivity
and specificity of the three biomarkers were relatively
good, the results still need to be explained carefully and
cannot be blindly extrapolated to all populations.

There was a significant publication bias in the case
of CD64 detection in this study. The publication bias
analysis showed that the bias coefficient of CD64 was
33.10049, with a p value of 0.034 < 0.05, indicating a
statistically significant publication bias. Unlike other
indicators, the funnel plot of CD64 appeared skewed on
the right, possibly because small sample size studies
tended to report larger effects. This indicated that small
sample studies may have overestimated the diagnostic
efficacy of CD64, increased the variability of the merge
effect, and reduced the reliability of the results. This
result coincides with the findings of Llitjos et al., but
the publication bias in their research results was not
significant [29]. The reason may be that the research
sample in Llitjos ef al's study had a high
representativeness which could reflect the overall
situation well, and they used randomized controlled
trials to increase the credibility of the study.
Additionally, the literature search in Llitjos et al.'s study
was comprehensive, ensuring the comprehensiveness of
the meta-analysis [29].

This study further conducted subgroup analysis of
sample size and found that when the sample size was >
100, the DOR was 23. When the sample size was < 100,
the DOR significantly increased to 277. This indicated
that the small sample size group overestimated the DOR
value of CD64. The results of subgroup analysis of
sample size partially explained the publication bias in
CD64 related studies, while small sample studies drove
overestimation of CD64 efficacy. This provided an
important reference for correctly interpreting and
measuring the diagnostic efficacy of CD64. However,
it should still be noted that this study included a limited
number of CD64 small sample studies, and subgroup
analysis could fully correct for publication bias.

J Infect Dev Ctries 2025; 19(5):755-765.

However, publication bias may have potential adverse
effects on the formulation of medical policies, the
exploration of medical methods, and the cultivation of
medical talents. The rank correlation method used in
Celik et al. study, the safety factor method used by
Schlapbach et al., study and the clipping method used
by Poévoa et al. can be used to correct for publication
bias in CD64 detection [30-32]. Further large-scale
studies are needed to obtain more robust and reliable
results for CD64 diagnosis.

Unlike the study conducted by Manabe et al [33],
this study compared differences in data between native
Chinese patients and foreign patients and analyzed the
differences in geography, race, and underlying diseases
using the same or similar cutoff values which may have
led to a decrease in specificity [33]. This decrease may
also be due to the lack of consideration for ethnic issues
in the diagnostic threshold settings of research in China.
Some studies have adopted too low cutoff values in
pursuit of high sensitivity, resulting in a decrease in
specificity. In addition, compared with the study by
Arora et al., this study may have some data bias due to
the relatively small number of Chinese studies included,
and some of those studies may not have standardized
process quality control, resulting in more false positive
results [34]. Future meta-analyses are needed to further
examine whether there are any issues in this regard.

Conclusions

CD64, HBP, and PCT are all helpful in the
diagnosis of sepsis, but the results should be interpreted
with caution. It is necessary to further optimize the
diagnostic threshold and improve the quality of testing,
before clinical application. Prospective studies with
larger sample sizes can help improve the reliability of
meta-analysis results. More high-quality prospective
research is needed in the future. Expanding the sample
size can reduce random errors and provide more reliable
quantitative effects. It is necessary to conduct
confirmatory studies in multiple centers and regions to
evaluate the accuracy of the three biomarkers in
different populations. This will also be helpful for
exploring sources of heterogeneity. Economic
evaluation should be conducted to evaluate the cost-
effectiveness of the three biomarkers in different
situations, providing decision-making support for their
implementation, and application, in low and middle-
income countries; and their optimization diagnosis
cutoff value.

This study redefined the appropriate threshold
based on the local Chinese population. It standardized
the diagnostic process, strictly controlled quality, and
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reduced operational errors. Its validation with
multicenter, large sample studies made the results more
robust. In addition, this study attempted the use of new
statistical methods to reduce the impact of method bias.
Some new biomarkers such as circulating tumor DNA,
microRNA, etc. have shown potential diagnostic value
and can be used for comparative studies to determine
optimal diagnostic strategies.

Corresponding author

Bin Qiu, BSc.

Intensive Care Unit, Shengzhou People's Hospital,
Shaoxing, 312400, China

Tel: 15381696830

Email: qioubin891215@163.com

Conflict of interests
No conflict of interests is declared.

References

1. Barber G, Tanic J, Leligdowicz A (2023) Circulating protein
and lipid markers of early sepsis diagnosis and prognosis: a
scoping review. Curr Opin Lipidol 34: 70-81. doi:
10.1097/MOL.0000000000000870.

2. Dai H, Hwang HG, Tseng VS (2023) PoEMS: policy network-
based early warning monitoring system for sepsis in intensive
care units. IEEE J Biomed Health Inform 27: 3610-3621. doi:
10.1109/JBHI.2023.3272486.

3. Potjo M, Theron AJ, Cockeran R, Sipholi NN, Steel HC, Bale
TV, Meyer P, Anderson R, Tintinger GR (2019) Interleukin-10
and interleukin-1 receptor antagonist distinguish between
patients with sepsis and the systemic inflammatory response
syndrome  (SIRS). Cytokine 120: 227-233.  doi:
10.1016/j.cyt0.2019.05.015.

4. Masashi Takeuchi TY, Hirofumi Kawakubo SM, Shuhei
Mayanagi TI, Kazumasa Fukuda RN, Norihito Wada HO,
Kitagawa Y (2020) The perioperative presepsin as an accurate
diagnostic marker of postoperative infectious complications
after esophagectomy: a prospective cohort study. Esophagus
17: 399-407. doi: 10.1007/s10388-020-00736-7.

5. Nuutila J, Hohenthal U, Laitinen I, Kotilainen P, Rajamiki A,
Nikoskelainen J, Lilius EM (2007) Simultaneous quantitative
analysis of FcgammaRI (CD64) expression on neutrophils and
monocytes: a new, improved way to detect infections. J
Immunol Methods 328: 189-200. doi:
10.1016/.jim.2007.09.002.

6. Larsson A, Tydén J, Johansson J, Lipcsey M, Bergquist M,
Kultima K, Mandic-Havelka A (2020) Calprotectin is superior
to procalcitonin as a sepsis marker and predictor of 30-day
mortality in intensive care patients. Scand J Clin Lab Invest 80:
156—-161. doi: 10.1080/00365513.2019.1703216.

7. Jamsid J, Ala-Kokko T, Huotari V, Ohtonen P, Savolainen ER,
Syrjala H (2018) Neutrophil CD64, C-reactive protein, and
procalcitonin in the identification of sepsis in the ICU — post-
test probabilities. J Crit Care 43: 139-142. doi:
10.1016/j.jerc.2017.08.038.

8. GulJX,ZhangN,LiSS, Zhang AM, Yin Y, Li YF, Jia M (2020)
The detection of bacterial infections in leukemia patients using
procalcitionin levels. Leuk Lymphoma 61: 165-170. doi:
10.1080/10428194.2019.1646906.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

J Infect Dev Ctries 2025; 19(5):755-765.

Rothe K, Spinner CD, Waschulzik B, Janke C, Schneider J,
Schneider H, Braitsch K, Smith C, Schmid RM, Busch DH,
Katchanov J (2020) A diagnostic algorithm for detection of
urinary tract infections in hospitalized patients with bacteriuria:
the "triple F" approach supported by procalcitonin and paired
blood and urine cultures. PLoS One 15: e0240981. doi:
10.1371/journal.pone.0240981.

Kapoor S, Gadiya AD, Rasul FT, Bell D (2020) Procalcitonin
— vital tool to differentiate septic progression of
spondylodiscitis from drug hypersensitivity: a case report and
brief review of literature. J Orthop Case Rep 10: 73-75. doi:
10.13107/jocr.2020.v10.i102.1704.

Spoto S, Fogolari M, De Florio L, Minieri M, Vicino G,
Legramante J, Lia MS, Terrinoni A, Caputo D, Costantino S,
Bernardini S, Ciccozzi M, Angeletti S (2019) Procalcitonin and
MR-proAdrenomedullin combination in the etiological
diagnosis and prognosis of sepsis and septic shock. Microb
Pathog 137: 103763. doi: 10.1016/j.micpath.2019.103763.
Song J, Park DW, Moon S, Cho HJ, Park JH, Seok H, Choi WS
(2019) Diagnostic and prognostic value of interleukin-6,
pentraxin 3, and procalcitonin levels among sepsis and septic
shock patients: a prospective controlled study according to the
sepsis-3  definitions. BMC Infect Dis 19: 968. doi:
10.1186/512879-019-4618-7.

Halldorsdottir HD, Eriksson J, Persson BP, Herwald H,
Lindbom L, Weitzberg E, Oldner A (2018) Heparin-binding
protein as a biomarker of post-injury sepsis in trauma patients.
Acta  Anaesthesiol Scand  62: 962-973. doi:
10.1111/aas.13107.

Zhang Y, Zhou Y, Li W, Lyons V, Johnson A, Venable A,
Griswold J, Pappas D (2018) Multiparameter affinity
microchip for early sepsis diagnosis based on CD64 and CD69
expression and cell capture. Anal Chem 90: 7204-7211. doi:
10.1021/acs.analchem.7b05305.

Kumar K, Mohindra S, Raj M, Choudhuri G (2014)
Procalcitonin as a marker of sepsis in alcoholic hepatitis.
Hepatol Int 8: 436-442. doi: 10.1007/512072-014-9540-x.
Xue H, Yu F (2023) Changes in heparin-binding protein,
procalcitonin, and C-reactive protein within the first 72 hours
predict 28-day mortality in patients admitted to the intensive
care unit with septic shock. Med Sci Monit 29: €938538. doi:
10.12659/MSM.938538.

Tian R, Chen X, Yang C, Teng J, Qu, H, Liu HL (2021) Serum
heparin-binding protein as a potential biomarker to distinguish
adult-onset Still's disease from sepsis. Front Immunol 12:
654811. doi: 10.3389/fimmu.2021.654811.

Katsaros K, Renieris G, Safarika A, Adami EM, Gkavogianni
T, Giannikopoulos G, Solomonidi N, Halvatzis S, Koutelidakis
IM, Tsokos N, Tritzali M, Koutoukas P, Avgoustou C,
Vasishta A, Giamarellos-Bourboulis EJ (2022) Heparin
binding protein for the early diagnosis and prognosis of sepsis
in the emergency department: the prompt multicenter study.
Shock 57: 518-525. doi: 10.1097/SHK.0000000000001900.
Lee J, Mulder F, Leeflang M, Wolff R, Whiting P, Bossuyt PM
(2022) QUAPAS: an adaptation of the QUADAS-2 tool to
assess prognostic accuracy studies. Ann Intern Med 175: 1010—
1018. doi: 10.7326/M22-0276.

He XF, Wu GS, Luo PF, Sun Y, Shi SJ, Xia ZF (2020)
Research advances on the molecular mechanisms of vascular
permeability in sepsis. Zhonghua Shao Shang Za Zhi 36: 982—
986. [Article in Chinese]. doi: 10.3760/cma.j.cn501120-
20190724-00308.

763



Qiu et al. — Meta-analysis of diagnostic accuracy in sepsis

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Dou QL, Liu J, Zhang, W, Wang CW, Gu Y, Li N, Hu R, Hsu
WT, Huang AH, Tong HS, Hsu TC, Hsu CA, Xu J, Lee CC
(2022) Dynamic changes in heparin-binding protein as a
prognostic biomarker for 30-day mortality in sepsis patients in
the intensive care unit. Sci Rep 12: 10751. doi:
10.1038/s41598-022-14827-1.

Wu YL, Yo CH, Hsu WT, Qian F, Wu BS, Dou QL, Lee CC
(2021) Accuracy of heparin-binding protein in diagnosing
sepsis: a systematic review and meta-analysis. Crit Care Med
49: e80—¢90. doi: 10.1097/CCM.0000000000004738.

Torres LK, Pickkers P, van der Poll T (2022) Sepsis-induced
immunosuppression. Annu Rev Physiol 84: 157-181. doi:
10.1146/annurev-physiol-061121-040214.

Godnic M, Stubljar D, Skvarc M, Jukic T (2015) Diagnostic
and prognostic value of sCD14-ST-presepsin for patients
admitted to hospital intensive care unit (ICU). Wien Klin
Wochenschr 127: 521-527. doi: 10.1007/s00508-015-0719-5.
Bilgili B, Haliloglu M, Aslan MS, Sayan I, Kasapoglu US,
Cinel 1 (2018) Diagnostic accuracy of procalcitonin for
differentiating bacteraemic Gram-negative sepsis from Gram-
positive sepsis. Turk J Anaesthesiol Reanim 46: 38—43. doi:
10.5152/TJAR.2017.88965.

Tverring J, Nielsen N, Dankiewicz J, Linder A, Kahn F,
Akesson P (2020) Repeated measures of heparin-binding
protein (HBP) and procalcitonin during septic shock:
biomarker kinetics and association with cardiovascular organ
dysfunction. Intensive Care Med Exp 8: 51. doi:
10.1186/s40635-020-00338-8.

Cabral L, Afreixo V, Meireles R, Vaz M, Marques M, Tourais
I, Chaves C, Almeida L, Paiva JA (2018) Procalcitonin kinetics
after burn injury and burn surgery in septic and non-septic
patients - a retrospective observational study. BMC
Anesthesiol 18: 122. doi: 10.1186/s12871-018-0585-6.
Menon K, Schlapbach LJ, Akech S (2022) Criteria for pediatric
sepsis — a systematic review and meta-analysis by the
pediatric sepsis definition taskforce. Critical Care Med 50: 21—
36. doi: 10.1097/CCM.0000000000005294.

Llitjos JF, Carrol ED, Osuchowski MF, Bonneville M (2024)
Enhancing sepsis biomarker development: key considerations
from public and private perspectives. Crit Care 28: 238-242.
doi: 10.1186/513054-024-05032-9.

Celik TH, Hanna M, Canpolat FE, Pammi M (2022) Diagnosis
of neonatal sepsis: the past, present and future. Pediatr Res 91:
337-350. doi: 10.1038/s41390-021-01696-z.

Schlapbach LJ, Watson RS, Sorce LR, Argent AC, Menon K,
Hall MW, Wardenburg JB (2024) International consensus
criteria for pediatric sepsis and septic shock. JAMA 331: 665—
674. doi: 10.1001/jama.2024.0179.

Povoa P, Coelho L, Dal-Pizzol F, Ferrer R, Huttner A, Conway
Morris A, Kalil AC (2023) How to use biomarkers of infection
or sepsis at the bedside: guide to clinicians. Intensive Care Med
49: 142-153. doi: 10.1007/s00134-022-06956-y.

Manabe T, Heneka MT (2022) Cerebral dysfunctions caused
by sepsis during ageing. Nat Rev Immunol 22: 444-458. doi:
10.1038/s41577-021-00643-7.

Arora J, Mendelson AA, Fox-Robichaud A (2023) Sepsis:
network pathophysiology and implications for early diagnosis.
Am J Physiol Regul Integr Comp Physiol 324: 613-624. doi:
10.1007/s12519-023-00689-8.

Dimoula A, Pradier O, Kassengera Z, Dalcomune D, Turkan
H, Vincent JL (2014) Serial determinations of neutrophil CD64
expression for the diagnosis and monitoring of sepsis in

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

J Infect Dev Ctries 2025; 19(5):755-765.

critically ill patients. Clin Infect Dis 58: 820-829. doi:
10.1093/cid/cit936.

Gerrits JH, McLaughlin PM, Nienhuis BN, Smit JW, Loef B
(2013) Polymorphic mononuclear neutrophils CD64 index for
diagnosis of sepsis in postoperative surgical patients and
critically ill patients. Clin Chem Lab Med 51: 897-905. doi:
10.1515/cclm-2012-0279.

Bauer PR, Kashyap R, League SC, Park JG, Block DR,
Baumann NA, Algeciras-Schimnich A, Jenkins SM, Smith CY,
Gajic O, Abraham RS (2016) Diagnostic accuracy and clinical
relevance of an inflammatory biomarker panel for sepsis in
adult critically ill patients. Diagn Microbiol Infect Dis 84: 175—
180. doi: 10.1016/j.diagmicrobio.2015.10.003.

Gamez-Diaz LY, Enriquez LE, Matute JD, Velasquez S,
Gomez ID, Toro F, Ospina S, Bedoya V, Arango CM, Valencia
ML, De La Rosa G, Gémez CI, Garcia A, Patifio PJ, Jaimes FA
(2011) Diagnostic accuracy of HMGB-1, sTREM-1, and CD64
as markers of sepsis in patients recently admitted to the
emergency department. Acad Emerg Med 18: 807-815. doi:
10.1111/5.1553-2712.2011.01113.x.

Gros A, Roussel M, Sauvadet E, Gacouin A, Marqué S, Chimot
L, Lavoué¢ S, Camus C, Fest T, Le Tulzo Y (2012) The
sensitivity of neutrophil CD64 expression as a biomarker of
bacterial infection is low in critically ill patients. Intensive Care
Med 38: 445-452. doi: 10.1007/s00134-012-2483-6.

Hsu KH, Chan MC, Wang JM, Lin LY, Wu CL (2011)
Comparison of Fcy receptor expression on neutrophils with
procalcitonin for the diagnosis of sepsis in critically ill patients.
Respirology 16: 152-160. doi: 10.1111/5.1440-
1843.2010.01876.x.

Qian DL, Yan SR, Pan XH (2017) Comparison of the clinical
value of plasma heparin-binding protein, procalcitonin and C-
reactive protein in the early diagnosis of sepsis. Chinese
Journal of  Laboratory Medicine. 40: 451-
455 http://doi.org/wpr-618264:

Jamsa J, Huotari V, Savolainen ER, Syrjéld H, Ala-Kokko T
(2015) Kinetics of leukocyte CD11b and CD64 expression in
severe sepsis and non-infectious critical care patients. Acta
Anaesthesiol Scand 59: 881-891. doi: 10.1111/aas.12515.
Kahn F, Tverring J, Mellhammar L, Wetterberg N, Blackberg
A, Studahl E, Hadorn N, Kahn R, Nueesch S, Jent P, Ricklin
ME, Boyd J, Christensson B, Sendi P, Akesson P, Linder A
(2019) Heparin-binding protein as a prognostic biomarker of
sepsis and disease severity at the emergency department. Shock
52: el135-e145. doi: 10.1097/SHK.0000000000001332.
Kofoed K, Andersen O, Kronborg G, Tvede M, Petersen J,
Eugen-Olsen J, Larsen K (2007) Use of plasma C-reactive
protein, procalcitonin, neutrophils, macrophage migration
inhibitory factor, soluble urokinase-type plasminogen activator
receptor, and soluble triggering receptor expressed on myeloid
cells-1 in combination to diagnose infections: a prospective
study. Crit Care 11: R38. doi: 10.1186/cc5723.

Linder A, Akesson P, Inghammar M, Treutiger CJ, Linnér A,
Sundén-Cullberg J (2012) Elevated plasma levels of heparin-
binding protein in intensive care unit patients with severe
sepsis and septic shock. Crit Care 16: R90. doi:
10.1186/cc11353.

Llewelyn MJ, Berger M, Gregory M, Ramaiah R, Taylor AL,
Curdt I, Lajaunias F, Graf R, Blincko SJ, Drage S, Cohen J
(2013) Sepsis biomarkers in unselected patients on admission
to intensive or high-dependency care. Crit Care 17: R60. doi:
10.1186/cc12588.

764



Qiu et al. — Meta-analysis of diagnostic accuracy in sepsis

47.

48.

Meynaar 1A, Droog W, Batstra M, Vreede R, Herbrink P
(2011) In critically ill patients, serum procalcitonin is more
useful in differentiating between sepsis and SIRS than CRP, II-
6, or LBP. Crit Care Res Pract 2011: 594645. doi:
10.1155/2011/594645.

Papadimitriou-Olivgeris M, Lekka K, Zisimopoulos K,
Spiliopoulou I, Logothetis D, Theodorou G, Anastassiou ED,
Fligou F, Karakantza M, Marangos M (2015) Role of CD64
expression on neutrophils in the diagnosis of sepsis and the
prediction of mortality in adult critically ill patients. Diagn
Microbiol Infect Dis 82: 234-239. doi:
10.1016/j.diagmicrobio.2015.03.022.

49.

50.

J Infect Dev Ctries 2025; 19(5):755-765.

Selberg O, Hecker H, Martin M, Klos A, Bautsch W, K6hl J
(2000) Discrimination of sepsis and systemic inflammatory
response syndrome by determination of circulating plasma
concentrations of procalcitonin, protein complement 3a, and
interleukin-6. Crit Care Med 28: 2793-2798. doi:
10.1097/00003246-200008000-00019.

Zhou Y, Liu Z, Huang J, Li G, Li F, Cheng Y, Xie X, Zhang J
(2019) Usefulness of the heparin-binding protein level to
diagnose sepsis and septic shock according to sepsis-3
compared with procalcitonin and C reactive protein: a
prospective cohort study in China. BMJ Open 9: €026527. doi:
10.1136/bmjopen-2018-026527.

765



	Introduction
	Methodology
	Search strategy
	Literature screening
	Data extraction
	Quality evaluation
	Statistical analysis

	Results
	Research screening
	Methodological results
	SROC plots of multiple diagnostic test results
	Sensitivity analysis
	Post biased reviews
	Subgroup analysis

	Discussion
	Conclusions
	Corresponding author
	Conflict of interests
	References

