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Abstract

Background: The aim of the study was to conduct a meta-analysis to evaluate the accuracy of neutrophil CD64,
procalcitonin (PCT), and interleukin-6 (IL-6) as markers for the diagnosis of sepsis in adult patients.

Methods: Various databases were searched to collect published studies on the diagnosis of sepsis in adult patients
using neutrophil CD64, PCT, and IL-6 levels. Utilizing the Stata SE 15.0 software, forest plots and the area under the
summary receiver operating characteristic curves were drawn. The pooled sensitivity, specificity, positive likelihood
ratio, negative likelihood ratio, diagnostic odds ratio, and area under the curve (AUC) were calculated.

Results: Fifty-four articles were included in the study. The pooled sensitivity, specificity, and AUC of neutrophil
CD64 for the diagnosis of sepsis were 0.88 (95% confidence interval [CI], 0.81–0.92), 0.88 (95% CI, 0.83–0.91), and
0.94 (95% CI, 0.91–0.96), respectively. The pooled sensitivity, specificity, and AUC of PCT for the diagnosis of sepsis
were 0.82 (95% CI, 0.78–0.85), 0.78 (95% CI, 0.74–0.82), and 0.87 (95% CI, 0.83–0.89), respectively. Subgroup analysis
showed that the AUC for PCT diagnosis of intensive care unit (ICU) sepsis was 0.86 (95% CI, 0.83–0.89) and the AUC
for PCT diagnosis of non-ICU sepsis was 0.82 (95% CI, 0.78–0.85). The pooled sensitivity, specificity, and AUC of IL-6
for the diagnosis of sepsis were 0.72 (95% CI, 0.65–0.78), 0.70 (95% CI, 0.62–0.76), and 0.77 (95% CI, 0.73–0.80),
respectively.

Conclusions: Of the three biomarkers studied, neutrophil CD64 showed the highest diagnostic value for sepsis,
followed by PCT, and IL-6. On the other hand, PCT showed a better diagnostic potential for the diagnosis of sepsis
in patients with severe conditions compared with that in patients with non-severe conditions.
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Background
In recent years, the incidence and mortality of sepsis have
increased significantly due to the increase of drug-
resistant bacteria, the widespread use of antibiotics, and
the aging of the population. The latest epidemiological
study, including septicemia cases in 195 countries around
the world, showed that in 2017 there were 48.9 million

sepsis patients and 11 million deaths from sepsis world-
wide, which was equivalent to 19.7% of total deaths
throughout the year [1]. In 2016, the Society of Critical
Care Medicine (SCCM) and the European Society of
Intensive Care Medicine (ESICM) jointly issued the defin-
ition of Sepsis 3.0 as the life-threatening organ dysfunction
caused by dysregulation of the host’s response to infection
[2]. At the same time, the diagnostic criteria for sepsis
were proposed. For patients with ICU infection or sus-
pected infection, sepsis is diagnosed when the sequential
organ failure assessment (SOFA) score is ≥2 [3]. However,
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considering the limitations of the diagnostic criteria and
the lack of clinically relevant data in many patients, a sim-
plified method was proposed, named “quick SOFA”, (also
known as “qSOFA”), that includes a systolic blood pres-
sure ≤ 100mmHg, a respiratory frequency ≥ 22 times/min,
or change of consciousness. When there are two or more
score exceptions, this can be considered a high-risk sepsis
population [4]. However, Williams et al. [5] found that al-
though qSOFA score was highly specific, its sensitivity
was poor, which might not be suitable for early diagnosis
of sepsis. Although blood culture is an important tool for
sepsis diagnosis that identifies pathogenic bacteria and al-
lows antibiotic susceptibility testing, it is a time-
consuming protocol and has a high false-negative rate, es-
pecially after antibiotic use [6]. Therefore, the blood cul-
ture alone is not enough to assist clinicians to make
accurate early diagnosis in patients with sepsis. According
to statistics, if sepsis patients can be correctly diagnosed
and treated within 1 h of infection, their survival rate will
reach more than 80%, whereas if patients are diagnosed
and treated after 6 h of infection, their survival rate drops
to 30% [7]. Therefore, it is crucial to find a biomarker for
the early diagnosis of sepsis.
Neutrophil CD64 is a high-affinity receptor for the Fc

portion of IgG. Neutrophil CD64 is a member of the im-
munoglobulin superfamily and is mainly found on the
surface of antigen-presenting cells, such as monocytes,
macrophages, and dendritic cells. When the body is in-
fected, or a large number of bacterial endotoxins are
present, neutrophils are exposed to lipopolysaccharides
(LPS), complement system molecules, IL-8, IL-12, IFN-
γ, TNF-α, granulocyte colony-stimulating factor, and
other cytokines. Such molecules stimulate the expression
of CD64 and it remains stable for a certain period of
time [8]. Although neutrophil CD64 expression is low
on resting neutrophils, once activated by stimulating fac-
tors its expression increases rapidly up to10-fold, reach-
ing a peak within 4 to 6 h. Basal expression is restored 7
days after the stimulation disappears [9]. Neutrophil
CD64 is relatively stable in blood samples studied
in vitro and is easily detected by flow cytometry. The
stable characteristics of neutrophil CD64 make it suit-
able as a diagnostic indicator.
Biomarkers procalcitonin (PCT) and interleukin-6 (IL-

6) have been widely used in the diagnosis and identifica-
tion of infections. Under normal physiological condi-
tions, PCT is produced almost exclusively in thyroid C
cells. Induced by the stimulation of glucocorticoids, cal-
citonin gene-related peptide, glucagon, gastrin, or β-
adrenergic signaling, PCT is converted into calcitonin
before entering the circulatory system. Healthy individ-
uals usually show very low levels of serum PCT (< 0.02
ng/mL). PCT is a very stable protein in vitro and in vivo,
with a half-life of about 20–24 h [10, 11]. Patients with

infections can produce PCT through an alternative path-
way in non-thyroid tissue. There are two main alterna-
tive pathways: the direct pathway, induced by LPS or
other toxic microbial metabolites, and the indirect path-
way, induced by several inflammatory mediators such as
IL-6 and TNF-α [12]. Due to the lack of pathways to
convert PCT to calcitonin, PCT enters the circulatory
system and its levels can rapidly increase more than
400-fold (> 4.0 ng/mL) compared to basal levels [13].
IL-6 is an important pro-inflammatory factor in the

initial stage of inflammation. It induces multiple cells to
synthesize and secrete acute phase proteins, promotes
the production and activation of neutrophils during in-
fection, promotes the proliferation and differentiation of
B cells, produces immunity globulins, and promotes T
cell proliferation and differentiation [14]. The levels of
IL-6 in healthy people are extremely low, generally not
exceeding 7 pg/mL, whereas the levels of IL-6 in the
serum of sepsis patients increases rapidly in the early
stage of infection, and can reach a peak within 2 h [15].
The aim of our study was to integrate the results of

clinical studies to compare the diagnostic accuracy of
neutrophil CD64, PCT, and IL-6 for sepsis in adult pa-
tients by meta-analysis.

Materials and methods
Study selection
The articles were manually retrieved from PubMed,
Web of Science, Medline, The Cochrane Library, Wan
Fang, China Biology Medicine, China National Know-
ledge Infrastructure, and VIP databases, by searching all
publications from the earliest entries to December 2018.
Languages were English and Chinese. Firstly, the studies
were chosen based on the following subject terms: sep-
sis, neutrophil CD64, procalcitonin, Interleukin-6, and
diagnosis. Then, a relevant-free terms search was carried
out, and finally, the two search strategies were com-
bined. Additionally, the references cited in the retrieved
articles were also manually retrieved as supplements.
Endnote version X7.8 was used for reference manage-
ment. Two researchers carried out the same search inde-
pendently, and in case of disagreement, a third
researcher was involved to discuss the results and reach
an agreement.

Inclusion and exclusion criteria
Inclusion criteria
1. Studies focused on the diagnostic value of neutrophil
CD64, PCT, and IL-6 for sepsis; 2. The observation
group included adult sepsis patients, aged ≥18 years,
whereas the control group included patients or healthy
people assessed during the same period; 3.The diagnostic
criteria included the clinical diagnostic and or blood cul-
ture. The clinical diagnostic criteria were Sepsis 1.0,

Cong et al. BMC Infectious Diseases          (2021) 21:384 Page 2 of 17



Sepsis 2.0, and Sepsis 3.0; 4. Prospective or retrospective
studies; 5. True positive (TP), false positive (FP), true
negative (TN), or false negative (FN) results for neutro-
phil CD64, PCT, and IL-6 in the diagnosis of sepsis
could be obtained directly or calculated from the data.

Exclusion criteria
1. Abstracts, conference reports, summaries, and com-
ments; 2. TP, FP, TN, and FN cannot be obtained ac-
cording to the reported data; 3. Repeated research
subjects.

Quality assessment
We used the diagnostic test system evaluation tool Qual-
ity Assessment for Diagnostic Accuracy Studies version
2 (QUADAS-2) from the Review Manager 5.3 software
to assess the quality of all included articles. The
QUADAS-2 scale includes four parts: case selection, trial
to be evaluated, gold standard, and case process and
progress.

Data extraction
The research data extraction was independently com-
pleted by two researchers. If the extraction results of the
two were inconsistent, the third researcher and the first
two jointly studied and decided. The data extraction in-
formation included the first author, publication date,
country, study design, diagnostic criteria, clinical setting,
sample size, average age, test method, TP, FP, FN, TN,
sensitivity, and specificity.

Statistical analysis
This study was a diagnostic meta-analysis. The hetero-
geneity of the included articles was determined to select
the appropriate statistical model to help reduce errors
during data merging. The heterogeneity between the in-
cluded studies was evaluated by calculating the chi-
square test value and the I2 statistics. If the I2 ≤ 50%, P ≥
0.05, the heterogeneity of the included studies was
deemed small, and the fixed effect model was used to
merge the statistical data. If the I2 > 50%, P < 0.05, the
heterogeneity was significant, and data were merged by
the random effect model. The indexes included

Fig. 1 PRISMA flow diagram of the search strategy and study selection process
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sensitivity, specificity, positive likelihood ratio (PLR),
negative likelihood ratio (NLR), and diagnostic odds ra-
tio (DOR). Additionally, a summary receiver operating
characteristic (SROC) curve was drawn to calculate the
area under the curve (AUC). The closer the AUC value
was to 1, the higher the clinical diagnostic efficacy of this
index was. The Deeks’ test was used to assess publica-
tion bias in the included articles. We used meta-
regression, sensitivity analysis, and subgroup analysis to
explore the sources of heterogeneity. We used Fagan’s
nomogram to evaluate the post-test probabilities of the

three studied biomarkers in sepsis. MetaDisc 1.4 soft-
ware and STATA 12.0 were used for data analysis.

Results
Literature search
In all, 10,026 articles in Chinese and English were re-
trieved through the preliminary screening of the data-
bases. After reading the titles and abstracts, 300 articles
were selected. Intensive reading was performed following
strictly the inclusion and exclusion criteria. After the

Fig. 2 a Risk of bias. b Clinical applicability

Fig. 3 Summary receiver operator characteristic (SROC) of CD64 (a) across 20 studies, PCT (b) across 43 studies, and IL-6 (c) across 16 studies
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screening, a set of 54 articles were included in the study
(Fig. 1).

Study characteristics
In all, 9842 participants were finally enrolled in this
meta-analysis, with a sepsis prevalence of 54.8%. It in-
cluded 20 studies related to neutrophil CD64, 39 studies
related to PCT, and 15 studies related to IL-6. We found
37 articles that reported the average age of the study
subjects, ranging from 42.0 to 92.6 years. Four papers fo-
cused on patients with specific sepsis, such as patients
with acute abdominal sepsis [16], ventilator-associated
pneumonia [17], and postoperative sepsis [18, 19]. Two
articles addressed elderly patients with sepsis (aged > 65
[20] and > 85 years [21]), whereas another study [22] in-
cluded patients aged ≤65 and > 65 years. Two studies
[23, 24] reported separately cases of positive and nega-
tive blood cultures. One paper [25] included a study
conducted in the medical ICU and surgical ICU patients.
The detailed baseline characteristics of the included
studies are summarized in Table 1.

Quality assessment
We used the QUADAS-2 scale to evaluate the quality of
the included articles. The results showed that all studies
were of high quality and had clinical practicability
(Fig. 2).

Heterogeneity test
Spearman correlation coefficients of neutrophil CD64,
PCT, and IL-6 were − 0.22 (P = 0.35), − 0.054 (P = 0.729,)
and 0.326 (P = 0.217), respectively. The SROC curve of
the three biomarkers did not show a significant
shoulder-arm effect, suggesting that there was no thresh-
old effect (Fig. 3).

Pooled effect size result
Of all included articles, 20 of them reported the diagnostic
value of neutrophil CD64 for sepsis. The results for these
studies were: pooled sensitivity, 0.88 (95% CI, 0.81–0.92);
pooled specificity, 0.88 (95% CI, 0.83–0.91) (Fig. 4); pooled
PLR, 7.2 (95% CI, 5.0–10.3); pooled NLR, 0.14 (95% CI,
0.09–0.22); pooled DOR, 51 (95% CI, 25–105); and the
AUC was 0.94 (95% CI, 0.91–0.96) (Fig. 3a). Thirty-nine

Fig. 4 Forest plots of the sensitivity and specificity for CD64 with a 95% confidence interval on the 20 included studies
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studies reported the diagnostic value of PCT with the fol-
lowing results: pooled sensitivity, 0.82 (95% CI, 0.78–0.85);
pooled specificity, 0.78 (95% CI, 0.74–0.82) (Fig. 5); pooled
PLR, 3.7(95% CI, 3.1–4.50); pooled NLR, 0.23 (95% CI,
0.19–0.29); pooled DOR, 16 (95% CI, 11–23); and the
AUC was 0.87 (95% CI, 0.83–0.89) (Fig. 3b). We found 15
articles reporting the diagnostic value of IL-6 for sepsis.
The results for this set of articles were: pooled sensitivity,
0.72 (95% CI, 0.65–0.78); pooled specificity, 0.70 (95% CI,
0.62–0.76) (Fig. 6); pooled PLR, 2.4 (95% CI, 1.9–3.0);
pooled NLR, 0.40 (95% CI, 0.32–0.51); pooled DOR, 6
(95% CI, 4.0–9.0); and the AUC was 0.77 (95% CI, 0.73–
0.80) (Fig. 3c).

Publication bias analysis
Publication bias of studies regarding neutrophil CD64
showed that 20 articles were not evenly distributed on
both sides of the regression line (t = 2.45, P = 0.025)
(Fig. 7a), suggesting a publication bias among the in-
cluded studies. No significant bias was found for studies
addressing PCT (t = 1.17, P = 0.249) (Fig. 7b) or IL-6(t =
0.53, P = 0.607) (Fig. 7c).

Heterogeneity analysis
Meta-regression
Due to the heterogeneity caused by a non-threshold ef-
fect in the included studies, meta-regression was per-
formed when the following criteria were met: a sample
size of the study over 100; the patients were Chinese; the
average age of patients was over 65 years old; the clinical
setting was classified into ICU; and similar test methods
were used. The meta-regression of neutrophil CD64
showed that the sample size had an influence on the het-
erogeneity of sensitivity and specificity, and regional
difference was one of the factors that caused the hetero-
geneity of specificity (Fig. 8a). The meta-regression of
PCT showed that the above five factors are likely to be
the sources of heterogeneity (Fig. 8b). The meta-
regression result of IL-6 indicated that the source of het-
erogeneity might be the sample size (Fig. 8c).

Sensitivity analysis
Concerning the sensitivity analysis of neutrophil CD64,
we found that when the article by the Gámez-Díaz et al.
[37] study was removed from the subset of studies, the

Fig. 5 Forest plots of the sensitivity and specificity for PCT with a 95% confidence interval on the 43 included studies
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overall heterogeneity of specificity of the 19 articles was
decreased, suggesting that the Gámez-Díaz study was
the cause for the heterogeneity of specificity (Fig. 9a).
When the other 19 studies were removed one by one,
the sensitivity, specificity, and AUC showed no signifi-
cant change. The sensitivity analysis of PCT and IL-6
showed that the sensitivity, specificity, and AUC did not

change significantly when they were removed one by
one (Fig. 9b, c).

Subgroup analysis
Through a sensitivity analysis of neutrophil CD64, it was
found that the Gámez-Díaz et al. [37] study had an influ-
ence on the heterogeneity of neutrophil CD64, so a

Fig. 6 Forest plots of the sensitivity and specificity for IL-6 with a 95% confidence interval on the 16 included studies

Fig. 7 Deeks’ funnel figure for the assessment of potential publication bias for neutrophil CD64 (a), PCT (b), and IL-6 (c) expression in the
diagnosis of sepsis
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subgroup analysis was conducted after excluding such
study. The subgroup analysis of three biomarkers indi-
cated that the sample size might be the source of hetero-
geneity, since the heterogeneity decreased significantly
in the group when a small sample size was analyzed,
which might be due to the large number of included
cases, and a lack of consistency (Tables 2, 3, 4). The sub-
group analysis of neutrophil CD64 indicated that re-
gional differences were also a source of heterogeneity,
which was consistent with the meta-regression results.
Heterogeneity decreased significantly in the Chinese
group but remained high in the non-Chinese group. The
subgroup analysis showed that the sensitivity, specificity,
and AUC of neutrophil CD64 in non-elderly patients
were 0.89 (95% CI, 0.91–0.94), 0.90 (95% CI, 0.86–0.93),

0.94 (95% CI, 0.91–0.96), respectively. The sensitivity,
specificity, and AUC of PCT in ICU patients were 0.82
(95% CI, 0.77–0.86), 0.78 (95% CI, 0.72–0.82), 0.86 (95%
CI, 0.83–0.89), respectively; the SEN, SPE, and AUC of
PCT in non-ICU patients were 0.77 (95% CI, 0.72–0.82),
0.74 (95% CI, 0.64–0.81), and 0.82 (95% CI, 0.78–0.85),
respectively.

Clinical utility evaluation
We assumed a pre-test probability of 50%. The Fagan’s
nomogram of neutrophil CD64 showed a post-test prob-
ability of 88% positive and 12% negative (Fig. 10a). The
Fagan’s nomogram of PCT showed a post-test probabil-
ity of 79% positive and of 19% negative (Fig. 10b),

Fig. 8 Meta-regression for neutrophil CD64 (a), PCT (b), and IL-6 (c) expression in the diagnosis of sepsis. Meta-regression was performed according to
whether the sample size of the study was over 100, study subjects were Chinese, the average age of the study population was over 65, and the
clinical setting was classified into ICU and measuring methods

Fig. 9 Sensitivity analysis for neutrophil CD64 (a), PCT (b), and IL-6 (c) expression in the diagnosis of sepsis
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whereas the Fagan’s nomogram of IL-6 showed a post-
test probability of 70% positive and of 29% negative
(Fig. 10c).

Discussion
Our results showed that neutrophil CD64 had the high-
est diagnostic value for sepsis in adult patients with a
pooled sensitivity of 0.88 (95% CI, 0.81–0.92); pooled
specificity of 0.88 (95% CI, 0.83–0.91); and AUC of 0.94
(95% CI, 0.91–0.96), followed by PCT, with a pooled
sensitivity of 0.82 (95% CI, 0.78–0.85); pooled specificity
of 0.78 (95% CI, 0.74–0.82); and AUC of 0.87 (95% CI,
0.83–0.89). Of all three studied biomarkers, IL-6 showed

the weakest diagnostic value for sepsis, with a pooled
sensitivity of 0.72 (95% CI, 0.65–0.78), the pooled speci-
ficity of 0.70 (95% CI, 0.62–0.76), and AUC of 0.77 (95%
CI, 0.73–0.80).
In 2006, Davis et al. [30] reported for the first time the

diagnostic potential of neutrophil CD64 in sepsis pa-
tients through a retrospective review of 100 blood sam-
ples and showed that the performance of neutrophil
CD64 was better than white blood cell count, erythro-
cyte sedimentation, and C-reactive protein as a sepsis
diagnostic marker. In the past 10 years, some prospective
studies have shown the clinical value of CD64 in the
diagnosis of sepsis. In previous studies, Hsu et al. [41]

Table 2 Subgroup analysis of CD64 in the diagnosis of sepsis

category studies SEN (95% CI) SPE (95%CI) DOR (95% CI) AUC (95% CI) SEN-I2 (%) SPE-I2 (%)

overall 19 0.89 [0.82, 0.93] 0.88 [0.84,0.92] 59 [30, 115] 0.94 [0.91,0.96] 90.39 76.03

subgroup analysis based on sample size

size≥100 8 0.82 [0.71,0.89] 0.87 [0.81,0.91] 29 [13,64] 0.91 [0.88,0.93] 91.53 78.72

size< 100 11 0.92 [0.86,0.96] 0.90 [0.84,0.94] 105 [44,252] 0.95 [0.93,0.97] 62.09 13.49

subgroup analysis based on country

China 6 0.89 [0.84, 0.93] 0.86 [0.80,0.91] 53 [30, 92] 0.92 [0.89, 0.94] 49.79 0.00

non-China 13 0.88 [0.79, 0.94] 0.89 [0.84,0.93] 64 [24, 168] 0.94 [0.92, 0.96] 92.42 83.07

subgroup analysis based on patient scource

ICU 13 0.89 [0.80, 0.94] 0.90 [0.86,0.93] 73 [29, 183] 0.94 [0.92, 0.96] 93.18 78.96

non-ICU 4 – – – – – –

subgroup analysis based on assay method

FMC 16 0.87 [0.82, 0.91] 0.88 [0.83,0.91] 50 [27, 96] 0.94 [0.91, 0.96] 86.71 71.13

Leuko64 kit 3 – – – – – –

subgroup analysis based on mean age

age≥ 65 y 2 – – – – – –

age < 65 y 11 0.89 [0.81, 0.94] 0.90 [0.86,0.93] 77 [37, 164] 0.94 [0.91, 0.96] 90.02 61.12

Table 3 Subgroup analysis of PCT in the diagnosis of sepsis

category studies SEN (95% CI) SPE (95%CI) DOR (95% CI) AUC (95% CI) SEN-I2 (%) SPE-I2 (%)

overall 43 0.82[0.78, 0.85] 0.78[0.74,0.82] 16[11, 23] 0.87[0.83,0.89] 87.23 83.99

subgroup analysis based on sample size

size≥100 27 0.82[0.77,0.86] 0.78[0.73,0.83] 16[11,25] 0.87[0.84,0.90] 90.42 88.98

size< 100 16 0.81[0.74,0.86] 0.78[0.71,0.83] 15[9.25] 0.86[0.83,0.89] 74.74 52.18

subgroup analysis based on country

China 11 0.79[0.74, 0.84] 0.79[0.73,0.85] 15[8, 26] 0.86[0.83, 0.89] 78.26 83.92

non-China 33 0.83[0.77, 0.87] 0.77[0.72,0.82] 16[11, 25] 0.87[0.84, 0.89] 89.29 84.48

subgroup analysis based on patient scource

ICU 27 0.82[0.77, 0.86] 0.78[0.72,0.82] 16[10, 24] 0.86[0.83, 0.89] 86.20 76.10

non-ICU 10 0.77[0.72, 0.82] 0.74[0.64,0.81] 9[6, 15] 0.82[0.78, 0.85] 74.39 90.16

subgroup analysis based on mean age

age≥ 65 y 8 0.79[0.72, 0.8] 0.84[0.75,0.90] 20[12, 34] 0.88[0.85, 0.91] 86.45 74.39

age < 65 y 20 0.80[0.73, 0.86] 0.81[0.76,0.85] 17[10, 29] 0.87[0.84, 0.90] 84.01 73.73
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found that the accuracy of neutrophil CD64 was better
than PCT in respiratory intensive care unit patients to
distinguish systemic inflammatory response syndrome
from severe sepsis and septic shock. Neutrophil CD64
was also found to be associated with mortality. However,
some studies criticized the diagnostic value of neutrophil
CD64 in sepsis. Gros et al. [38] showed that neutrophil
CD64 has a low sensitivity in the diagnosis of sepsis in

ICU or emergency department patients. However, due to
its high specificity, when combined with other sensitive
markers, it may contribute to the clinical diagnosis of
sepsis. In 2016, Wang et al. [70] conducted a meta-
analysis with 8 studies written in English, to assess the
value of neutrophil CD64 for the diagnosis of sepsis.
The results showed that the pooled sensitivity, specifi-
city, and AUC were 0.76, 0.85, and 0.95 respectively,

Table 4 Subgroup analysis of IL-6 in the diagnosis of sepsis

category studies SEN (95% CI) SPE (95%CI) DOR (95% CI) AUC (95% CI) SEN-I2 (%) SPE-I2 (%)

overall 16 0.72[0.65, 0.78] 0.70[0.62,0.76] 6[4, 9] 0.77[0.73,0.80] 89.27 85.07

subgroup analysis based on sample size

size≥100 10 0.66[0.58,0.3] 0.73[0.64,0.80] 5[3,8] 0.75[0.71,0.78] 92.34 88.99

size< 100 6 0.83[0.73,0.83] 0.64[0.51,0.75] 8[5,14] 0.81[0.77,0.84] 52.42 62.91

subgroup analysis based on country

China 4 – – – – – –

non-China 12 0.69[0.59, 0.77] 0.70[0.63,0.77] 5[3, 8] 0.75[0.71, 0.79] 80.86 74.47

subgroup analysis based on patient scource

ICU 10 0.71[0.60, 0.80] 0.74[0.66,0.81] 8[4, 14] 0.80[0.76, 0.83] 91.94 80.76

non-ICU 6 0.73[0.64, 0.80] 0.66[0.54,0.75] 5[3, 8] 0.74[0.70, 0.78] 84.28 84.97

subgroup analysis based on assay method

EIA 8 0.75[0.64, 0.83] 0.70[0.63,0.76] 7[4, 12] 0.77[0.73, 0.81] 91.31 67.89

ECLI 8 0.69[0.59, 0.77] 0.69[0.56,0.80] 5[3, 9] 0.75[0.71, 0.78] 83.28 90.73

subgroup analysis based on mean age

age≥ 65 y 1 – – – – – –

age < 65 y 9 0.71[0.61, 0.79] 0.74[0.63, 0.82] 7[4, 13] 0.78 [0.75,0.82] 90.46 90.59

Fig. 10 Fagan’s nomogram for neutrophil CD64 (a), PCT (b), and IL-6 (c) expression in the diagnosis of sepsis
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which suggested that neutrophil CD64 had a high speci-
ficity for sepsis. However, because of its low sensitivity,
it could not be used alone in the diagnosis of sepsis. Our
meta-analysis searched publications in more databases
than other published meta-analysis, more comprehensive
clinical research data was collected, and the results were
more persuasive. In our study, 20 studies were included,
showing that the neutrophil CD64 test has a high sensi-
tivity and specificity in adult sepsis patients, and was su-
perior to the traditional biomarkers PCT and IL-6. Li
et al. [71] carried out a meta-analysis to evaluate the
diagnostic value of CD64 in infectious diseases, includ-
ing adults and newborns. The results showed that the
pooled sensitivity, specificity, and AUC were 0.76, 0.85,
and 0.92 respectively, which suggested that the neutro-
phil CD64 had a high specificity in sepsis. Due to the
uniqueness of neonate sepsis in many aspects, our study
only included studies on adult sepsis patients.
Although IL-6 is weaker than the neutrophil CD64

and PCT in the diagnosis of sepsis in adult patients,
some studies have shown that it also plays a role in the
prognosis of infectious diseases [72, 73]. Studies have
found that the level of IL-6 in the blood of patients with
Gram-negative bacterial infection is significantly higher
than those with Gram-positive bacterial infection [74],
indicating that IL-6 has a certain suggestive effect on the
pathogenic bacteria. Zhao et al. [75] through the regres-
sion analysis results show that a combination of the
three biomarkers (PCT, IL-6, and D-dimer) can effect-
ively improve the diagnosis of sepsis and severe sepsis.
However, joint diagnosis in clinical research data is un-
common and there is not enough to apply to meta-
analysis for data integration to further explore this topic.
We used sensitivity analysis, meta-regression, and sub-

group analysis to explore the heterogeneity of data. The
sensitivity analysis showed that the heterogeneity de-
creased significantly when the Gámez-Díaz et al. [35]
study was omitted. The sample size of this study was the
largest among all included studies, and the study results
were negative, which could lead to an increase in hetero-
geneity. The meta-regression and subgroup analysis indi-
cated several factors can explain the heterogeneity that
we observed, including regional difference, differently
aged patients, the sample size, the severity of the disease,
and test methods. Through the subgroup analysis of the
articles, we found that the specificity of the neutrophil
CD64 in non-elderly patients has increased compared to
all ages. Further studies to determine the accuracy of
neutrophil CD64 in differently aged patients are re-
quired. PCT in the ICU group has a higher diagnostic ef-
ficacy for sepsis than in the non-ICU group. The study
of Yunus et al. [76] found PCT was positively correlated
with the severity of sepsis. Because the proportion of pa-
tients with severe sepsis and septic shock among ICU

patients was large, the PCT in the ICU patients showed
a better diagnostic efficiency. PCT had a better diagnos-
tic value in critically ill patients than in those with non-
severe conditions.
Our research is limited by some factors. Firstly, the

heterogeneity in the study is high. Although some
sources of heterogeneity have been found through meta-
regression, sensitivity analysis, and subgroup analysis,
there are still other unidentified sources. Secondly, there
is a publication bias in the analysis of the diagnostic
accuracy of sepsis toward neutrophil CD64. In the
follow-up of this study, the scope should be expanded to
overcome the publication bias. Thirdly, only Chinese
and English language literature was included, which
might exclude relevant data. Fourthly, due to the differ-
ent test methods for the three biomarkers, the cut-off
values varied between the included studies. Future stud-
ies are needed to determine the optimal cut-off value of
biomarkers that confers the diagnostic value for sepsis.

Conclusions
Among the three biomarkers, neutrophil CD64 has the
highest diagnostic value for sepsis in adult patients,
followed by PCT and IL-6. In the diagnosis of sepsis, the
diagnostic value of PCT in severe patients is better than
that in non-severe patients.
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