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Abstract 

Objective Infectious pancreatic necrosis (IPN) is a serious complication of acute pancreatitis, and early recognition 
and timely intervention are the keys to improving clinical outcomes. The purpose of this study was to investigate 
the predictive capacity of the neutrophil CD64 index (nCD64 index) on IPN in patients with acute pancreatitis

Methods This study comprises two independent cohorts: the training cohort consisted of 202 patients from Hunan 
Provincial People’s Hospital, and the validation cohort consisted of 100 patients from Changsha Central Hospital. 
Peripheral blood samples were collected on the day of admission and on the 3rd, 5th, 7th, and 10th days of hospitali-
zation, and the nCD64 index was detected by flow cytometry. Additionally, relevant clinical characteristics and labora-
tory biomarkers were collected and analyzed.

Results We observed that nCD64 index on admission was significantly higher in the IPN group than Non-IPN group 
(p < 0.001). In the training cohort, a higher occurrence rate of IPN was observed in the high nCD64 index group 
compared to the moderate and low nCD64 index group (p < 0.001). Further analysis showed that nCD64 index 
was significant positive correlated with the incidence rate of IPN (p < 0.001, correlation coefficient = 0.972). Further-
more, logistic regression analysis showed that high expression of the nCD64 index on admission was a risk factor 
for the occurrence of IPN (OR = 2.971, p = 0.038). We further found that the nCD64 index of IPN patients was signifi-
cantly higher than the Non-IPN patients on the days 1, 3, and 5 after admission, and the nCD64 index of IPN patients 
before and after the onset (p < 0.05). At the same time, this study revealed that the nCD64 index on admission 
showed good predictive efficacy for IPN (AUC = 0.859, sensitivity = 80.8%, specificity = 87.5%), which was comparable 
to APACHE II score. And this finding was further validated in an independent cohort of 100 participants (AUC = 0.919, 
Sensitivity = 100.0%, Specificity = 76.6%).

Conclusion This study demonstrated the clinical value of nCD64 index in patients with IPN patients for the first 
time through two independent cohort studies. The nCD64 index can be used as an early prediction and risk assess-
ment tool for the occurrence of IPN, contributing to the improvement of patient outcomes and efficiency of medical 
resource allocation.
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Introduction
Acute pancreatitis (AP) is a common and destructive 
inflammatory condition of the pancreas. In recent years, 
with its incidence steadily increasing due to improved 
living standards and dietary alterations [1]. The clinical 
course of acute pancreatitis can be divided into two over-
lapping stages: early and late phases. Infected pancreatic 
necrosis (IPN) are the major causes of death in the late 
stages of patients with acute pancreatitis (up to 30%) 
[2–4]. Early prediction of IPN contributes to timely clini-
cal intervention in high-risk patients, improving patient 
outcomes and preventing further disease progression [5].

Currently, the main approach of early diagnosing and 
predicting IPN involves the use of clinical scoring sys-
tems and conventional laboratory markers, such as 
C-reactive protein (CRP), and procalcitonin (PCT) [6–
10]. Although, these clinical scores have demonstrated 
good performance in predicting IPN, there are still limi-
tations in clinical application [6, 10]. Firstly, the accuracy 
of scoring requires the collection of a large amount of 
physiological and clinical data, which involves a time-
consuming evaluation process. Secondly, the subjectivity 
scoring criteria may lead to difference in the evaluation 
of the score by different physicians. In addition, previous 
studies have shown that limited predictive efficacy of cer-
tain laboratory parameters for IPN. The area under the 
curve (AUC) is commonly used to quantitatively assess 
the overall performance of indicators [11, 12]. For exam-
ple, in these studies, the AUC for CRP was only 0.597 
[10]. Therefore, there are currently no effective predictors 
available to analyze clinical outcomes in patients with 
IPN. Early prediction of IPN remains a challenge.

Currently, researchers have proposed that the Neutro-
phil CD64 index (nCD64 index) may be a promising indi-
cator for diagnosing infectious complications in acute 
pancreatitis [13]. CD64 is the monoclonal antibody which 
recognizes FcγR1 neutrophilic receptor, is a high affinity 
receptor present on neutrophils for Fc part of immuno-
globulin-G (IgG) heavy chain, constitutively presents on 
macrophages, monocytes, and eosinophils, and only to a 
small extent on resting neutrophils [14]. Once infection 
occurs, CD64 molecules are activated by inflammatory 
factors, leading to a rapid increase in CD64 expressions 
on the surface of activated neutrophil within 4–6 h [15]. 
Therefore, the expression level of CD64 molecules on 
neutrophils can serve as an indicator of the body’s infec-
tion status under inflammatory stimulation [16]. It is 
worth mentioning that the immune monitoring of neu-
trophil-related parameters is an overlooked and missing 
aspect of intensive care for critically ill patients [17]. The 
development of novel technologies and new indicators 
centered around neutrophils may pave the way for per-
sonalized care and a more targeted use of antibiotics in 

infectious diseases [17, 18]. We use keywords such as 
neutrophil CD64 index, infected pancreatic necrosis, 
acute pancreatitis, and others to search for relevant ref-
erence literature. However, there are no available studies 
that investigates the value of nCD64 index in predicting 
IPN. Previous studies have shown that the nCD64 index 
can be a valuable biomarker for predicting diseases such 
as sepsis and bacterial infections. Additionally, it can be 
utilized to monitor disease progression in patients with 
infectious inflammation [19–21]. To the best of our 
knowledge, only one study has investigated the diagnostic 
value of nCD64 index in detecting abdominal infection in 
acute pancreatitis [22]. However, this study is limited by 
its single-center design, which may result in a restricted 
patient population. Additionally, the study did not track 
the expression of nCD64 index during the progression of 
acute pancreatitis or further validate the research find-
ings. Based on the aforementioned research findings, we 
propose the hypothesis that the nCD64 index may serve 
as a valuable predictive biomarker for the occurrence of 
IPN.

Our study employed two independent prospective 
cohorts to investigate the ability of nCD64 index on 
admission to predicting IPN and compared it with con-
ventional biomarkers. Concurrently, we monitored the 
changes in nCD64 index as IPN progressed. It is evident 
that a blood biomarker on admission would be of great 
clinical importance to timely intervention and risk strati-
fication manage of patients with IPN in acute pancreati-
tis. Early prediction and active medical intervention for 
patients with IPN contribute to reducing the risks of IPN 
and its complications, improving prognosis, decreasing 
the incidence of surgery, and enhancing the efficiency of 
medical resource allocation.

Study subjects and methods
Sample size estimation and study design
This study recruited a total of 202 participants from May 
2021 to December 2022 at Hunan Provincial People’s 
Hospital as the training cohort. Additionally, 100 AP 
patients were enrolled from Changsha Central Hospital 
as the validation cohort (see Fig. 1 for details). Additional 
information can be found in the Additional file 1 for fur-
ther reference.

For the training cohort, the sample size was estimated 
based on preliminary experiments and relevant literature. 
A one-tailed α of 0.05 and (1−β) of 0.80 were chosen. The 
Initial experimental group (n = 40) exhibited a sensitivity 
of 0.93, and the target sensitivity was set at 0.7. Based on 
these parameters, the calculated sample size for positive 
samples is 18 cases. Considering that positive cases make 
up for approximately 10% of all samples, a total sample 
size of 180 cases was required. Anticipating a follow-up 
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loss of 10%-15%, the final determined sample size was 
202 cases. Additionally, 100 participants were recruited 
for the validation cohort.

Within 24 h of admission, Venous blood was collected 
from all patients for measurement of nCD64 index by 
flow cytometry. Additionally, relevant clinical charac-
teristics and laboratory biomarkers were collected and 
analyzed. In the training cohort, we further tracked the 
nCD64 index, CRP, and PCT of severe patients at the 
third, fifth, seventh, and tenth days after admission, as 
well as measured the changes in nCD64 index before 
and after the occurrence of IPN. This study complied 
with the ethical guidelines of the Declaration of Helsinki, 
and informed consent was obtained from all patients. 
The study was approved by the Medical Ethics Commit-
tee of Hunan Provincial People’s Hospital [(2022-)-21] 
and the Ethics Committee of Changsha Central Hospital 
(R201925).

Research subjects
The diagnostic criteria for patients with acute pancrea-
titis (AP) included meeting at least two of the following 
three criteria: (1) persistent upper abdominal pain; (2) 
serum amylase and/or lipase concentrations of at least 

three-fold higher than the upper limit of normal; and 
(3) abdominal imaging findings consistent with AP [2, 
23].

The diagnostic criteria for the IPN group included: (1) 
presence of pancreatic necrosis or positive tissue culture 
for peripancreatic necrosis; and (2) imaging evidence 
peripancreatic vacuoles or gas [24, 25].

The inclusion criteria were as follows: (1) meeting the 
diagnostic criteria for AP; (2) having complete clinical 
information; (3) provision of informed consent; and (4) 
being between the ages of 18 and 75 years.

The exclusion criteria comprised the following: (1) 
patients diagnosed with chronic pancreatitis or pancre-
atic cancer; (2) patients with pre-existing immune system 
disorders, including immunodeficiency diseases such as 
AIDS, or autoimmune disorders such as systemic lupus 
erythematosus, rheumatoid arthritis, and systemic vas-
culitis; (3) patients with severe hematological diseases 
or malignant tumors; (4) patients with a documented 
history of severe cardiovascular, respiratory, renal, or 
hepatic diseases; (5) patients who developed severe infec-
tious diseases, such as sepsis, abdominal infections, or 
intracranial infections, prior to the onset of acute pancre-
atitis; (6) patients currently undergoing treatment with 

Fig. 1 Study Flow. The recruitment period for eligible participants in this study was from May 2021 to December 2022. A total of 462 AP patients 
were observed at Hunan Provincial People’s Hospital, among which 260 participants were excluded based on the exclusion criteria. Ultimately, 202 
patients were enrolled as the training cohort. Similarly, at Changsha Central Hospital, 100 participants were identified as the validation cohort. Acute 
pancreatitis patients are classified into different groups based on the presence or absence of IPN occurrence after admission
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medications known to impact neutrophils, such as gluco-
corticoids, anti-thyroid medications.

The all patients with acute pancreatitis were divided 
into the infected pancreatic necrosis (IPN) group and 
non-infected pancreatic necrosis (Non-IPN) group based 
on whether they developed infected pancreatic necrosis 
after admission.

The AP patients could be classified into the mild acute 
pancreatitis (MAP), moderately severe acute pancreatitis 
(MSAP), and severe acute pancreatitis (SAP), according 
to the 2012 revision of the new Atlanta Classification [25, 
26].

Experimental method, main reagents and instruments
Whole blood samples were collected using EDTA anti-
coagulant and the nCD64 index was detected within 2 h 
by flow cytometry (Myriad BriCyteE6, Mindray Medi-
cal, Shenzhen, China). The reagents for nCD64 index 
detecting included PerCP Anti-Human CD14, PerCP 
Anti-Human CD45, PerCP Anti-Human CD64 (BioLe-
gend, San Diego, CA USA). The nCD64 index detection 
process was outlined below: In an experimental tube, add 
50 μL of whole blood sample with EDTA anticoagulant, 
along with 5 μL each of CD14, CD45, and CD64 antibod-
ies. Thoroughly mix the contents of the tubes and incu-
bate in the dark for 15 min. The next step is to lyse the 
red blood cells in the sample, process it, and perform 
flow cytometry analysis. The mean fluorescence intensity 
(MFI) of CD64 expression on neutrophils, lymphocytes, 
and monocytes in experimental tube were detected. I will 
provide a detailed description of the experimental proce-
dure and gating strategy in the Additional file 1.

nCD64 index = (neutrophil CD64 MFI / lymphocyte 
CD64 MFI)/ (monocyte CD64 MFI / neutrophil CD64 
MFI). The calculation of nCD64 index considered the 
intrinsic inter-individual factors to ensure measurement 
stability and accuracy (Due to the high and stable expres-
sion of CD64 on the surface of monocytes, it can be uti-
lized as a positive control for nCD64 index. Conversely, 
CD64 is lowly expressed on the surface of lymphocytes, 
serving as a negative control [19, 27]).

Interleukin-2 (IL-2), Interleukin-4 (IL-4), Interleu-
kin-6 (IL-6), Interleukin-10 (IL-10), tumor necrosis fac-
tor (TNF), interferon (IFN) were detected by Multiplex 
microsphere flow immunofluorescence luminescence 
assay (Myriad BriCyteE6, as the aforementioned). The 
test sample was plasma separated from EDTA-anticoagu-
lated venous blood samples by centrifugation at 1000g for 
10 min, and the test kit was a 6-cytokine kit (Raisecare, 
Shandong, China). We also collected relevant clinical 
characteristics and laboratory test results. PCT and CRP 
were detected by Mérieux VIDAS fully automated immu-
noassay analyzer (Bio Mérieux, Lyon, France) and Special 

Protein Instrument PA990 (Lifotronic Technology, Shen-
zhen, China), respectively. White blood cells (WBC), 
immature granulocyte (IG) percentage, and Neutrophil 
(N) count were detected by XN Blood Analysis Line 
(SYSMEX, Kobe, Japan) and their supporting reagents.

Statistical analysis
The relevant clinical data, laboratory test results, and 
nCD64 index were analyzed using SPSS 23.0 and Med-
Calc software based on the grouping information in 
Fig. 1. The normality of continuous variables was evalu-
ated utilizing SPSS. For measurement data conform-
ing to a normal distribution, means ± standard deviation 
(x ± s) were used to analyse. Comparisons between mul-
tiple groups were conducted using one-way analysis of 
variance (ANOVA), while t-tests were used for com-
parisons between two groups. For groups with skewed 
distributions that could be transformed into normal dis-
tributions, transformed data were analyzed according 
to a normal distribution. If the data could not be trans-
formed, the medians (quartiles) [M (QL, QU)] was uti-
lized, and comparisons between multiple and inter-group 
were evaluated using Mann–Whitney U tests. Count data 
comparisons were conducted using chi-square (χ2) tests. 
Additionally, we conducted logistic regression analysis 
and Spearman’s correlation analysis. Next, we utilized the 
medcal software to evaluate the ability of nCD64 index 
and other related indicators to predict the occurrence of 
IPN in AP patients through Receiver Operating Char-
acteristic (ROC) curve analysis. Subsequently, we com-
pared the ROC curves obtained from multiple indicators 
within the same dataset to analyze whether there were 
any statistically significant differences in the predictive 
performance of each indicator. For the joint analysis of 
the indicators, we first performed a binary logistic regres-
sion analysis using SPSS. Subsequently, we combined 
the two indicators to create a new composite index and 
imported it into Medcal for the aforementioned analysis. 
The significance threshold for all analyses was set to 0.05. 
Statistical significance was determined when p < 0.05.

Results
The comparisons of basic clinical characteristics 
and nCD64 index on admission between patients in IPN 
and Non‑IPN groups
In the training cohort, there was a statistically significant 
difference in the nCD64 index on admission between 
the IPN group and the Non-IPN group (Table 1). Addi-
tionally, significant differences were also observed 
between the IPN and Non-IPN groups in other indica-
tors, including SOFA (p = 0.000), APACHE II (p = 0.000), 
PCT (p = 0.000), and IG% (p = 0.003). Similar results 
were corroborated in the validation cohort, where the 
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nCD64 index on admission was significantly higher in 
the IPN group (M = 2.80) compared to the Non-IPN 
group (M = 1.30) (refer to Additional file 1: Table S1). In 
addition, we compared the relevant clinical data such as 
gender, age, and expression of nCD64 index between the 
training and validation cohorts and found no differences 
(refer to Additional file 1: Table S2).

The correlation between the expression of nCD64 index 
on admission and the occurrence of IPN
According to the descending order of the ranked 
nCD64 index on admission, the AP patients were cat-
egorized into three groups using the tertile method: the 
high nCD64 index group (n = 67, with an IPN incidence 
rate of 31.34%), the moderate nCD64 index group 
(n = 67, with an IPN incidence rate of 2.99%), and the 
low nCD64 index group (n = 68, with an IPN incidence 
rate of 4.41%). We observed significant differences in 
the occurrence rates of IPN among the three groups 
(p < 0.001). In pairwise comparisons, there were also 
significant differences in the occurrence rates of IPN 

between the high nCD64 index group and the moder-
ate nCD64 index group (p < 0.001), as well as between 
the high nCD64 index group and the low nCD64 index 
group (p < 0.001). However, there was no significant 
difference in the occurrence rates of IPN between the 
moderate nCD64 index group and the low nCD64 
index group (p = 0.507) (Fig. 2a).

To better represent the data distribution, based on 
the descending order of the ranked nCD64 index on 
admission, we further divided the patients in the high 
nCD64 index group (n = 67) into eleven subgroups 
using the equal frequency method. This ensured that 
each subgroup contains an equal number of data 
points. For detailed information regarding the group-
ing, please refer to Additional file  1: Material 2. We 
calculated the occurrence of IPN in each group and 
observed an upward trend in the occurrence rates of 
IPN as the nCD64 index on admission increased. We 
further conducted a Spearman correlation analysis 
between the average value of each group’s nCD64 index 
and the occurrence rates of IPN. The analysis revealed 

Table 1 Comparison of clinical characteristics between IPN group and Non-IPN group in the training cohort

nCD64 index neutrophil CD64 index, WBC white blood cells, N neutrophils, APACHE II acute physiological and chronic health score, ARDS acute respiratory distress 
syndrome, SIRS systemic inflammatory response syndrome, MOF multiple organ failure, CRP C reactive protein, PCT procalcitonin, IG immature granulocyte, SOFA 
sequential organ failure assessment, IPN infected pancreatic necrosis. M (QL, QU) median (lower quartile, upper quartile)

The “*” symbol represents results obtained through chi-square test

Index Non‑IPN group
(n = 176)

IPN group
(n = 26)

Z/χ2

value
P value

Age [M (QL, QU)] 47.00 (36.00, 55.00) 40.50 (35.75, 51.25) − 1.142 0.254

ARDS [n (%)] 23.00 (13.10) 7.00 (26.90) 3.439* 0.064

SIRS [n (%)] 63.00 (35.80) 20.00 (76.90) 15.830* < 0.001

ICU [n (%)] 65.00 (36.90) 23.00 (88.00) 24.466* < 0.001

Number of days in ICU [M (QL, QU)] 0.00 (0.00,7.00) 12.00 (5.25, 26.75) − 5.490 < 0.001

MOF [n (%)] 24.00 (13.60) 10.00 (38.40) 9.973* 0.002

Male [n (%)] 133.00 (75.60) 18.00 (69.20) 0.482* 0.487

Local complications [n (%)] 80.00 (45.50) 21.00 (80.70) 11.301* 0.001

Systemic complications [n (%)] 34.00 (19.30) 15.00 (57.70) 4.873* 0.027

Death [n (%)] 4.00 (2.30) 4.00 (15.40) 10.239* 0.001

CRP [mg/L, M (QL, QU)] 51.10 (0.16, 151.51) 80.56 (27.55, 172.38) − 1.367 0.172

WBC [ ×  109/L, M (QL, QU)] 10.43 (7.55, 13.82) 11.04 (8.33, 14.98) − 0.798 0.425

N [ ×  109/L, M (QL, QU)] 8.24 (5.75, 11.69) 9.51 (7.18, 12.75) − 1.333 0.182

PCT [μg/L, M (QL, QU)] 0.06 (0.05, 0.29) 0.83 (0.18, 4.01) − 4.372 < 0.001

SOFA [M (QL, QU)] 1.00 (0.00, 3.00) 3.00 (2.00, 5.25) − 4.529 < 0.001

APACHE II [M (QL, QU)] 4.00 (2.00,8.00) 18.50 (13.00, 24.25) − 7.058 < 0.001

IG [%, M (QL, QU)] 0.50 (0.30, 0.70) 0.85 (0.40, 1.20) − 2.983 0.003

nCD64 index [M (QL, QU)] 1.25 (1.01, 1.54) 2.42 (1.91, 2.86) − 5.899 < 0.001

Etiology [n (%)] 3.381* 0.337

 Biliogenic [n (%)] 67.00 (38.10) 8 (30.70)

 Lipogenic [n (%)] 63.00 (35.80) 9.00 (34.60)

 Alcohol [n (%)] 24.00 (13.60) 7.00 (26.90)

 Other [n (%)] 22.00 (12.50) 2.00 (7.80)
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a correlation coefficient of 0.972, indicating a signifi-
cantly positive correlation (p < 0.001). (Fig.  2b, Addi-
tional file 1: Table S3).

Simultaneously, logistic regression analysis dem-
onstrated that elevated nCD64 index expression 
(OR = 2.971, p = 0.038) and higher APACHE score 
(OR = 1.151, p = 0.001) were identified as risk factors for 
the occurrence of IPN (Fig.  2c). Additionally, a strong 
correlation was observed between nCD64 index and 
APACHE score (p < 0.001, correlation coefficient = 0.7) 
(Fig. 2d, Additional file 1: Table S4).

Furthermore, this study also analyzed the correlation 
between the nCD64 index level on admission and the 
levels of inflammatory factors in patients with acute pan-
creatitis. The study found correlation between the nCD64 
index and IL-6 (p = 0.002, correlation coefficient = 0.326), 
IL-10 (p < 0.001, correlation coefficient = 0.394), IL-2 
(p = 0.018, correlation coefficient = 0.241) and IL-4 
(p = 0.019, correlation coefficient = 0.238) (Additional 
file 1: Table S5).

The predictive value of nCD64 index on admission for IPN 
by ROC curve analysis
We further compared the predictive value of relevant 
indexes in IPN patients by ROC curve analysis. The best 
CUT-OFF value was selected by ROC curve analysis in 
the training cohort, and performance was then validated 
using the same CUT-OFF value in the validation cohort.

The nCD64 index on admission demonstrated excellent 
predictive efficacy in the training cohort (AUC = 0.859, 
Sensitivity = 80.8%, Specificity = 87.5%) (Table  2). And 
the predictive efficacy of nCD64 index on admission 
was better than that of CRP (AUC = 0.538, Z = 3.994, 
p = 0.0001), IG% (AUC = 0.680, Z = 2.064, p = 0.0390), 
WBC (AUC = 0.549, Z = 3.550, p = 0.0004) and neutro-
phils (AUC = 0.581, Z = 3.269, p = 0.0011). Moreover, 
the predictive efficacy of nCD64 index on admission 
was comparable with that of APACHE II (AUC = 0.926, 
Z = 1.365, p = 0.1724).

In the validation cohort, nCD64 index on admis-
sion demonstrated excellent predictive efficacy 

Fig. 2 a The occurrence rates of IPN were observed in high, moderate and low nCD64 index group; b within the high nCD64 index group, based 
on the ranked nCD64 index from high to low, a total of 67 patients were divided into eleven group using equal frequency method to avoid data 
concentration in a single group; c to analyze the risk factors for IPN using logistic regression analysis; d Correlation analysis: Larger circles and darker 
colors indicate larger absolute values of correlation coefficients
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(AUC = 0.919, Sensitivity = 100.0%, Specificity = 76.6%) 
(Table  2). The predictive efficacy of nCD64 index on 
admission was better than that of CRP (AUC = 0.674, 
Z = 2.496, p = 0.0125), WBC (AUC = 0.523, Z = 2.2420, 
p = 0.0155) and neutrophils (AUC = 0.543, Z = 2.239, 
p = 0.0251). The predictive efficacy of nCD64 index on 

admission was comparable with that of APACHE II 
(AUC = 0.924, Z = 0.205, p = 0.8378).

Combining other indicators with the nCD64 index on 
admission can enhance its diagnostic capability for iden-
tifying IPN. In the training cohort the combination of 
CRP and the nCD64 index significantly improved pre-
dictive efficacy compared to CRP by itself (Z = 3.745, 
p = 0.0002). The combination of IG% and the nCD64 
index significantly improved predictive efficacy com-
pared to IG% by itself (Z = 2.113, p = 0.0346), and com-
bining the SOFA score and nCD64 index significantly 
improved predictive efficacy compared to SOFA by itself 
(Z = 2.268, p = 0.0233). Similar results were obtained 
in the validation cohort, where combining traditional 
indexes with the nCD64 index improved predictive effi-
cacy (Table 2).

Multiple time point detection of nCD64 index in patients 
with severe pancreatitis
IPN generally only occur in patients with severe pan-
creatitis (MSAP and SAP). During the consecutive pro-
gression of the first, third, fifth, seventh, and tenth days 
of hospital admission, the nCD64 index, PCT, and CRP 
indicators were detected in patients with severe pancrea-
titis. In training cohort, all patients of severe pancreatitis 
(n = 81) were divided into  IPNsub (n = 26) and Non-IPNsub 
(n = 55) groups again based on whether they developed 
IPN after admission. The nCD64 index at the first, third, 
and fifth day after admission and the PCT at the third 
day 3 after admission were significantly different between 
patients in the  IPNsub and Non-IPNsub groups, while the 
expression levels of the corresponding indexes at other 
time points were not significantly different (Fig.  3a–c; 
Additional file  1: Table  S6). Statistical analysis was per-
formed on the time points of IPN occurrence after hospi-
tal admission, revealing that the highest incidence of IPN 
was observed on the 5th day after admission (30.77%) (S 
Additional file 1: Table S7).

Additionally, we also analyzed the predictive value 
of nCD64 index on admission for IPN occurrence in 
patients with severe pancreatitis (MSAP and SAP). 
nCD64 index on admission also showed a good predic-
tive efficacy that can be compared to the APACHE score 
(Z = 0.249, p = 0.8033) and was better than that of CRP 
(Z = 2.26, p = 0.0238), IG% (Z = 2.518, p = 0.0118), SOFA 
score (Z = 2.185, p = 0.0289). Detailed information can be 
found in Additional file 1: Material 8.

Furthermore, in the training cohort, the changes in 
relevant indicators were monitored before and after the 
onset of IPN in 26 patients diagnosed with IPN. The 
nCD64 index detected after the onset of IPN was sig-
nificantly higher compared to before its occurrence 

Table 2 The predictive value of relevant indexes of IPN patients 
on admission in training and validation cohort

The collection time point for CRP, WBC, neutrophils, PCT, IG%, and nCD64 index 
in the Additional file 1: Table S2 was the first day of patient admission. Regarding 
the joint analysis of indicators, firstly, a binary logistic regression analysis was 
conducted to combine these two indicators, and a new composite index was 
created. Subsequently, a related ROC curve analysis was performed

nCD64 index neutrophil CD64 index, APACHE II acute physiological and chronic 
health score, CRP C reactive protein, PCT procalcitonin, IG immature granulocyte, 
SOFA sequential organ failure assessment, IPN infected pancreatic necrosis, WBC 
white blood cells

Index AUC Sensitivity (%) Specificity (%)

Training cohort

 APACHE II 0.926 96.2 81.9

 nCD64 index (%) 0.859 80.8 87.5

 SOFA 0.769 69.2 73.3

 PCT (μg/L) 0.763 76.9 68.8

 IG% 0.680 50.0 84.7

 CRP (mg/L) 0.583 76.9 46.6

 Neutrophils 0.581 776.9 43.2

 WBC 0.549 73.1 45.5

 APACHE II + nCD64 index 0.934 100.0 79.6

 SOFA + nCD64 index 0.904 88.5 80.1

 PCT + nCD64 index 0.885 80.8 86.4

 Neutrophils + nCD64 index 0.866 80.8 84.7

 WBC + nCD64 index 0.860 80.8 87.5

 IG% + nCD64 index 0.859 80.8 87.5

 CRP + nCD64 index 0.856 80.8 89.2

Validation cohort

 APACHE II 0.924 83.3 80.6

 nCD64 index (%) 0.919 100.0 76.6

 SOFA 0.841 66.7 73.4

 IG% 0.785 50.0 84.0

 PCT (μg/L) 0.719 83.3 52.1

 CRP (mg/L) 0.674 83.3 27.7

 Neutrophils 0.543 66.7 61.7

 WBC 0.523 50.0 75.5

 APACHE II + nCD64 index 0.927 100.0 80.9

 SOFA + nCD64 index 0.926 100.0 75.5

 Neutrophils + nCD64 index 0.924 100.0 77.7

 WBC + nCD64 index 0.922 100.0 77.7

 IG% + nCD64 index 0.922 100.0 78.7

 CRP + nCD64 index 0.920 100.0 76.6

 PCT + nCD64 index 0.918 100.0 77.7

 SOFA + nCD64 index 0.926 100.0 75.5
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(p = 0.022), while CRP and PCT showed no significant 
changes (Fig. 3d–f; Additional file 1: Table S9).

Discussion
Our study is the first study aimed at exploring and vali-
dating the ability of the nCD64 index to predict the risk 
of IPN occurrence in patients with AP. We demonstrated 
that the nCD64 index on admission had excellent predic-
tive value for IPN, comparable to the APACHE II score. 
Moreover, the nCD64 index also played a role in moni-
toring the ongoing progression of IPN. The incorporation 
of neutrophil CD64 index as an available blood marker 
upon admission proves highly significant in precisely 
evaluating the risk of IPN. Consequently, this assists phy-
sicians in implementing more aggressive treatment strat-
egies and ultimately improve the clinical outcome of the 
patient.

Neutrophils play a pivotal role as in immune cellular 
barrier against pathogens, and the expression of neutro-
phils CD64 is a very early step of immune host response 
to bacterial infection [14]. However, there is currently no 
existing research investigating the relationship between 
IPN and nCD64 index. Previous studies have chiefly 
demonstrated the potential value of traditional bio-
markers for diagnosing and predicting the occurrence of 
IPN, such as the APACHE II score, CRP, PCT, and other 

biomarkers [10, 28, 29]. In the present study, the nCD64 
index on admission exhibited superior predictive efficacy 
for IPN compared to conventional indicators such as 
PCT, RCP, WBC and neutrophil count (p < 0.05). Similar 
findings have been reported in previous studies involving 
patients with sepsis and infected diseases, in which the 
nCD64 index demonstrated superior predictive efficacy 
compared to indicators such as PCT and CRP [30–32]. 
In recent years, the percentage of immature granulocytes 
(IG%) has also emerged as a new reliable clinical index 
for acute pancreatitis [33]. However, in the present study, 
the nCD64 index on admission showed better predictive 
efficacy compared to IG% (p < 0.05). Additionally, our 
study demonstrated that combining traditional mark-
ers with the nCD64 index had more excellent predic-
tive performance compared to using traditional markers 
alone. These findings suggested that nCD64 index could 
be a valuable supplementary biomarker for predicting the 
occurrence of IPN and aiding in the clinical management 
of patients with acute pancreatitis.

Furthermore, previous studies have demonstrated 
the excellent predictive value of clinical scores, such 
as the APACHE II score, for the occurrence of IPN [6, 
10]. Consistently, our study also corroborated the out-
standing ability of the APACHE II score in predicting 
IPN, and we observed that the nCD64 index exhibited 

Fig. 3 a–c The comparison of indicators between the  IPNsub and Non-IPNsub groups in the training cohort on of the first, third, fifth, seventh, 
and tenth days of hospital admission. The “*” indicates that there is a significant difference between the two groups; d–f in the IPN patients 
of the training cohort of, a comparison of relevant indicators before and after the onset of IPN was conducted. nCD64 index neutrophil CD64 index, 
CRP C reactive protein, PCT procalcitonin, IPN infected pancreatic necrosis
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comparable predictive performance to the APACHE II 
score (p > 0.05). Notably, Compared to the APACHE II 
score, the nCD64 index is a more convenient and rapid 
blood biomarker for predicting the occurrence of IPN 
in AP patients, without the need for complex calcula-
tions and measurements. Therefore, the nCD64 index 
can easily be integrated into routine laboratory test-
ing for patients with acute pancreatitis, without adding 
an additional burden to healthcare professionals, thus 
enhancing medical efficiency. Furthermore, due to the 
nCD64 index being unaffected by subjective factors, its 
results are more objective and reliable, avoiding the inter-
ference of subjective factors on the assessment of the 
patient’s condition. In present study, our findings high-
light the potential sensitivity of the nCD64 index in mon-
itoring the progression of infection. Here, we observed 
that Patients in the  IPNsub group exhibited significantly 
higher levels of the nCD64 index on admission, as well 
as on the third and fifth days after admission, compared 
to the Non-IPNsub group. In contrast, traditional indica-
tors such as CRP did not show statistically significant dif-
ferences in the progression of the diseases between the 
two groups. Additionally, our results showed significant 
differences in the expression of the nCD64 index before 
and after the onset of IPN patients. This finding further 
strengthens the potential utility of the nCD64 index in 
complementing scoring systems, such as the APACHE II 
score. Additionally, the nCD64 index may provide poten-
tial advantages in the continuous monitoring of patients 
and facilitating early diagnosis and dynamic monitoring.

The application of nCD64 as a novel biomarker may 
contribute to a better understanding of the disease mech-
anism underlying acute pancreatitis. Inflammatory fac-
tors, such as IL-2, IL-6, and IL-10, are closely associated 
with acute pancreatitis [34–36]. In this study, we further 
analyzed the correlation between the nCD64 index and 
the levels of these inflammatory factors. Our findings 
demonstrate that nCD64 index levels were positively cor-
related with IL-2, IL-4, IL-6, and IL-10. The results sug-
gest that nCD64 may play a role in the occurrence of IPN 
through inflammatory reactions. In future research, our 
aim is to further investigate the underlying mechanisms 
of neutrophil involvement in the occurrence of IPN, to 
elucidate its role in disease progression, and its inter-
play with other biomarkers. Moreover, investigating the 
mechanistic basis of the nCD64 index as a biomarker in 
the context of pancreatitis could open new avenues for 
therapeutic interventions.

The present study has several strengths. Firstly, the 
inclusion of patients from two independent medical 
centers, namely Hunan Provincial People’s Hospital and 
Changsha Central Hospital, ensures a comprehensive 
and representative sample. This approach enhances the 

generalizability of the findings and contributes to the 
robustness of the study. Furthermore, the detection of 
nCD64 index on admission was found to be an early pre-
dictor of IPN and can improve clinical prognosis. This 
method offers advantageous characteristics such as con-
venient sampling, simple determination, low subjectivity, 
and faster results. Finally, our study also provides valu-
able clues and evidence that can serve as a foundation for 
future research into the role of neutrophils in the occur-
rence of IPN in acute pancreatitis.

Despite the strengths of the present study, there are 
some limitations that should be considered. The nCD64 
index was not measured at multiple points in patients 
diagnosed with MAP. There are several reasons for this 
limitation. Firstly, patients with MAP typically have 
shorter hospitalization periods, and many MAP patients 
are discharged from the hospital before multiple meas-
urements could be taken. Secondly, Patients with MAP 
typically do not develop IPN. Lastly, tracking MAP 
patients may require more funding, and focusing on 
severe patients could be a more efficient allocation of 
research resources. Nevertheless, in the present study, it 
was found that no patients with MAP progressed to IPN 
cases, so this limitation did not impact the conclusions 
of this study. Moreover, the small sample size of the IPN 
group may be another limitation of our study. However, 
the current sample size was determined through statisti-
cal analysis, thus leading us to believe that our research 
conclusions are reliable. Another limitation worth men-
tioning in our study is the small sample size of cases with 
mortality, which has restricted our ability to highlight the 
association between CD64 and mortality. Nonetheless, 
the main findings of our investigation remained unaf-
fected. In the future, we will further explore the correla-
tion between nCD64 index and mortality.

In summary, the early recognition and timely interven-
tion of IPN in patients with acute pancreatitis still remain 
a significant challenge. In this study, the nCD64 index 
measured on admission demonstrated commendable 
predictive value for IPN, comparable to the APACHE II 
score. More importantly, the utilization of the nCD64 
index with just one single blood sample on admission for 
predicting the occurrence of IPN would enhance medi-
cal efficiency. The findings of this study have significant 
clinical implications, particularly for the management of 
patients with severe pancreatitis. The nCD64 index on 
admission can help clinicians identify patients at high 
risk of IPN early in their hospital stay. This could lead to 
more tailored treatment strategies and potentially reduce 
the morbidity and mortality associated with IPN.
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