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Objective: To investigate the dynamic fluctuations of serum interleukin-6 (IL-6), procalcitonin (PCT), and neutrophil counts in
individuals diagnosed with acute cholecystitis. Additionally, the research seeks to investigate the potential clinical significance of these
biomarkers in the early stages of acute cholecystitis.

Methods: This retrospective cohort study included one hundred patients with acute cholecystitis (60 with mild acute cholecystitis and
40 with severe cholecystitis) admitted to our hospital between January 2022 and December 2022 were included. The levels of various
cytokines, PCT and neutrophils in serum on days 1, 3, 5, and 7 were dynamically detected. The difference in each indicator between
the two groups was analysed, and the diagnostic value of each indicator for acute cholecystitis was evaluated using a receiver operating
characteristic (ROC) curve.

Results: IL-6 and PCT levels and neutrophil counts were significantly higher in patients with moderate and severe cholecystitis than
those in those with mild cholecystitis (P <0.01). The AUC values for the three indicators were all greater than 60%, and the AUC value
for the joint diagnosis of the three indicators reached 90%.

Conclusion: Serum interleukin-6 combined with PCT and neutrophil count is helpful to determine the degree of disease development
in patients with acute cholecystitis. The advantage of dynamic monitoring of the three indicators is that the detection is simple and
worthy of clinical promotion.
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Acute cholecystitis is an acute disease of the digestive system and is common in clinical practice. After disease onset,
patients often feel severe colic or distention pain in the upper right abdomen, occasionally accompanied by symptoms
such as fever, nausea, and vomiting." Acute cholecystitis can be divided into mild acute cholecystitis and severe acute
cholecystitis based on condition. Severe acute cholecystitis involves not only the deterioration of symptoms but also
various complications, which can cause death.” The development of timely and reasonable intervention is very important
for treatment and can effectively reduce the incidence of complications. Therefore, it is important to accurately determine
the degree of development of acute cholecystitis and to look for serological indicators that are significantly correlated
with acute cholecystitis severity to guide the early diagnosis and treatment of acute cholecystitis.

Studies in China and abroad report that inflammation is common in patients with acute cholecystitis and that
inflammation-related indicators such as C-reactive protein (CRP) and procalcitonin (PCT) are often correlated with
disease severity.3‘4 CRP can increase in bacterial infection, viral infection, acute rejection, cardiovascular diseases and
surgery.” However, CRP is meaningful only 23 days after admission; therefore, it cannot be used as an early predictor of
acute cholecystitis severity.® PCT is a precursor of calcitonin, an inflammatory transmitter produced by the stimulation of
macrophages and monocytes in organs after infection. An increase in this indicator suggests bacterial or fungal infection.
Therefore, the detection of PCT indicators can help assess whether a patient needs infection prevention or corresponding
antibiotic treatment.”® However, the increase in PCT in cholecystitis has been shown to not be significant.” Due to
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limitations in the sensitivity or specificity of a single indicator, it is important to combine multiple inflammatory
indicators in clinical practice to improve sensitivity and specificity in the assessment of the severity of acute cholecystitis.
This study planned to dynamically monitor serum IL-6, IL-10, PCT and neutrophil markers for 100 patients with acute
cholecystitis and analysed the clinical application value of the joint detection of related inflammatory indicators in
patients with acute cholecystitis.

Objects and Methods

One hundred patients with acute cholecystitis admitted to our hospital between January 2022 and December 2022 were
included in this study. The diagnostic criteria of acute cholecystitis were based on the “Tokyo Guidelines 2018”:° pain,
tenderness, and a mass present in the upper right abdomen; systemic inflammatory response; and imaging showing
manifestations of acute cholecystitis. The grading criteria for moderate-to-severe acute cholecystitis were as follows:
white blood cells >18 x 10°/L; a palpable mass in the upper right abdomen; duration of the onset of >72 h; and severe
local inflammation: gangrenous cholecystitis, peri-gallbladder abscess, gallbladder peritonitis, and liver abscess. Acute
cholecystitis was diagnosed when one of the above four criteria was met. All patients were admitted to the hospital
within 24 h after symptom onset. Obesity, metabolic diseases, diabetes, hypertension, hepatobiliary and pancreatic
diseases, renal failure and chronic inflammatory diseases caused by other diseases were excluded.

Detection Methods

Five millilitres of fasting cubital venous blood was collected from all patients on days 1, 3, 5, and 7 after admission to the
hospital. All blood samples were centrifuged, and the serum obtained was cryopreserved in a —80 °C freezer. IL-2, IL-4,
IL-6, IL-10, TNF-o and IFN-y were detected by flow cytometry. The flow cytometry instrument was a BD canto flow
cytometer (United States). Cytokine detection kits were purchased from Cellgene Biotech (Jiangxi). The electrochemi-
luminescence method was used for PCT detection. The assay kits were purchased from Roche, USA, and the procedures
were performed in strict accordance with the instruction manuals. For complete blood count, neutrophil count was
measured using a Sysmex XN9000 automatic haematology analyser.

The normal reference ranges of each detection indicator were as follows: IL-2, <11.4 pg/mL; IL-4, <12.9 pg/mL;
IL-6, <20.0 pg/mL; IL-10, <5.9 pg/mL; TNFa, <5.5 pg/mL; IFNy, <17.3 pg/mL; PCT, (0.000-0.050) ng/mL; and
absolute neutrophil count: (1.8-6.3) *10"9/L.

For statistical analysis, GraphPad Prism 6.0 software was used for data processing. Measurement data (x+s) were
compared using the ¢-test. Receiver operating characteristic (ROC) curves were used to evaluate the predictive value of
IL-6, PCT and neutrophil levels for acute cholecystitis. P<0.05 was considered statistically significant.

Results

Patient Characteristics

One hundred patients with acute cholecystitis from hepatobiliary surgery department were included in this study. Among
them, 56 males were 52.3+4.61 years of age, and 44 females were 51.4+5.84 years of age. They were divided into mild
acute cholecystitis (M-C) and moderate-to-severe acute cholecystitis (MS-C) groups. The 100 patients with acute
cholecystitis were divided into a mild group (60 cases) and a moderate-to-severe group (40 cases).

Dynamic Changes in Serum Cytokine Levels in Patients with Acute Cholecystitis
First, magnetic bead flow cytometry was used to analyse the expression levels of IL-2, IL-4, IL-6, IL-10, TNFa and IFNy
on days 1, day 3, day 5, and day 7 after hospitalization (Table 1).

The IL-6 level in MS-C group was significantly higher than that in M-C group at different time points (P<0.001).
Among them, the IL-6 level was the highest on the first day of hospitalization, an effect that may be related to active
treatment after hospitalization.

The IL-2 level in MS-C group was significantly higher than that in M-C group on days 1 (P<0.05), but there was no
significant difference on day 3, day 5 and day 7 (P>0.05).
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Table | Expression Levels of Serum Cytokines in Patients with Acute Cholecystitis at Different

Time Points
Group N Ist day 3rd day 5th day 7th day
IL 6 (ng/mL) M-C group 60 34.52+2.57 25.61+2.84 10.96+1.22 5.42+0.85
MS-C group 40 93.82+16.51 53.53%5.57 38.75+4.87 20.76x2.64
P value <0.00 | ##* <0.00 | ##* <0.00 | *#* <0.00 |+
IL 2 (ng/mL) M-C group 60 3.52+0.98 3.26x1.01 3.17£0.79 3.14+0.58
MS-C group 40 4.12+1.34 3.64x1.31 3.46x1.09 3.42+0.96
P value 0.012* 0.104 0.126 0.072
IL 4 (ng/mL) M-C group 60 2.25+0.83 2.09+0.61 2.11+0.67 2.03+0.52
MS-C group 40 2.31+0.92 2.30+0.74 2.21+0.68 2.24+0.65
P value 0.735 0.125 0.525 0.077
IL 10 (ng/mL) M-C group 60 10.94+3.14 9.98+2.13 7.18+2.07 6.93+2.10
MS-C group 40 13.57+6.87 11.54+4.61 851+3.71 7.81+2.30
P value 0.01I* 0.025* 0.023* 0.051
TNFa (ng/mL) M-C group 60 2.14+0.76 2.03+0.51 1.98+0.47 2.01+0.50
MS-C group 40 2.21+0.86 2.17+0.81 2.19+0.76 2.08+0.83
P value 0.670 0.291 0.091 0.600
IFNy (ng/mL) M-C group 60 1.71+0.43 1.63+0.49 1.68+0.37 1.59+0.40
MS-C group 40 1.89+0.51 1.724£0.48 1.70£0.42 1.74£0.47
P value 0.060 0.367 0.803 0.090

Notes: M-C group represents mild acute cholecystitis patients, MS-C group represents moderate-to-severe acute cholecys-
titis patients. Data are presented as mean * SD. *P < 0.05, ***P < 0.001, significantly different from the values in M-C group.

In addition, the IL-10 level in MS-C group was significantly higher than that in M-C group on days 1, 3, and 5
(P<0.05), but there was no significant difference on day 7 (#>0.05).

However, the serum levels of IL-4, TNFa, and IFNy were not significantly increased at different time points after
hospitalization, and there were no significant differences (P>0.05).

Dynamic Changes in Serum PCT Levels in Patients with Acute Cholecystitis

PCT concentrations at admission were significantly increased in the acute cholecystitis group, with concentrations of 2.72
+0.95 ng/mL in M-C group and 9.26+2.36 ng/mL in MS-C group. The serum PCT concentration in patients in MS-C
group was significantly higher than that in patients in M-C group at day 1 (P=0.003), day 3 (P=0.001), day 5 (P=0.001)
and day 7 (P=0.001). The PCT concentrations in different groups of patients with cholecystitis peaked on the 1st day
after admission and then gradually decreased (Figure 1).

Dynamic Changes in Peripheral Neutrophil Counts in Patients with Acute
Cholecystitis

The neutrophil count in the peripheral blood of patients with acute cholecystitis was significantly increased on day 1 of
hospitalization, 9.80 + 1.34 * 10"9/L in M-C group and 10.60 + 2.35 * 10"9/L in MS-C group. Neutrophil counts in
patients in MS-C group were significantly higher than those in patients in M-C group on day 7 of hospitalization (P=0.01).
The neutrophil counts in different groups of patients with cholecystitis gradually decreased after treatment (Figure 2).

ROC Curve Analysis of Serum IL-6 and PCT Levels and Neutrophil Counts in Patients
with Acute Cholecystitis

Using ROC curves, we evaluated the clinical value of IL-6, PCT and neutrophil levels in differentiating patients with
acute cholecystitis and moderate-to-severe acute cholecystitis. The results showed that on day 1, the AUC for IL-6 was
0.7511 (95% CI was 0.66-0.82, the sensitivity was 45.67%, and the specificity was 88.33%); the AUC for PCT was
0.7085 (95% CI was 0.62—-0.78, the sensitivity was 50.50%, and the specificity was 82.25%); the AUC for neutrophil
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Figure | The expression levels of serum procalcitonin (PCT) concentrations in patients with acute cholecystitis at different time points. M-C group represents mild acute
cholecystitis patients, MS-C group represents moderate-to-severe acute cholecystitis patients. Data are presented as mean  SD. ***P < 0.001, significantly different from the
values in M-C group.
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Figure 2 The neutrophil count in the serum of patients with acute cholecystitis at different time points. M-C group represents mild acute cholecystitis patients, MS-C group
represents moderate-to-severe acute cholecystitis patients. Data are presented as mean + SD. **P < 0.01, significantly different from the values in M-C group.

count was 0.6255 (95% CI was 0.52-0.72, the sensitivity was 60.67%, and the specificity was 55.33%); the AUC for
combination of the three index was 0.8622 (95% CI was 0.65-0.85, the sensitivity was 65.50%, and the specificity was
92.00%), as shown in Figure 3.

Discussion

Acute cholecystitis is a common disease in hepatobiliary surgery departments. Different degrees of severity of chole-
cystitis require different management strategies, which have different effects of prognosis. Therefore, correctly assessing
the severity, classification and staging of acute cholecystitis is important for the timely treatment and prognosis of
cholecystitis in clinical practice.
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Figure 3 Receiver operating characteristic (ROC) curves analysis of serum IL-6 and PCT levels and neutrophil counts in patients with acute cholecystitis.

Interleukin-6 (IL-6) is a pleiotropic cytokine with a wide range of functions. IL-6 can regulate the growth and differentia-
tion of a variety of cells and has been shown to regulate the immune response and acute phase inflammation.'®'? Literature
reports in China and abroad'® indicate that IL-6 increases to different degrees during the inflammatory response in the liver,
gallbladder, pancreas, and intestinal tract and during the systemic inflammatory response, and in tumours. In this study, the
level of serum IL-6 in patients with acute cholecystitis was significantly positively correlated with disease severity, and the
expression level was highest on the first day of admission and declined with timely treatment. This finding is also consistent
with the results of relevant studies conducted in China and abroad. This indicates that IL-6 levels at different time points can
predict the severity and treatment effect of acute cholecystitis to some extent. In addition, PCT may be produced earlier than
IL-6 and recently has served as the main monitoring indicator for severe infection. PCT production can be induced by the body
in response to bacterial endotoxin.'* As reported in the literature,"> PCT has high specificity and sensitivity in systemic
infection, and PCT concentration is often correlated with the severity of inflammation. This study has shown that the serum
PCT concentration of patients with acute cholecystitis is significantly higher than the reference range and that the serum PCT
concentration of patients with moderate-to-severe cholecystitis is significantly higher than that in patients with mild
cholecystitis. After reasonable clinical treatment, the PCT level will gradually decrease and return to a level close to normal.
We analysed the absolute count of peripheral blood neutrophils in patients with acute cholecystitis and found that counts were
increased in patients with different degrees of acute cholecystitis but that there was no significant correlation with disease
severity. With timely treatment, the absolute neutrophil count will gradually decrease. According to literature reports, for
patients with severe inflammation, the neutrophil count increases rapidly under the function and mediation of inflammatory
factors such as IL-6.'® This is also consistent with our data. In summary, the dynamic observation of serum IL-6 and PCT and
neutrophil count is important for evaluating the condition and prognosis of patients with acute cholecystitis. ROC curves were
used to analyse the diagnostic value of IL-6 and PCT levels and neutrophil count for patients with acute cholecystitis. The
results showed that the three had good predictive value for different degrees of acute cholecystitis and that the combined
detection of the three had higher sensitivity and specificity. Dynamic monitoring of IL-6 and PCT levels and neutrophil count
is convenient and has high accuracy. Doctors can refer to these indicators when developing intervention programs and
considering the choice of antibiotics for infection prevention.

The aim of this study was to analyse the dynamic changes in IL-6 and PCT levels and neutrophil count in patients
with acute cholecystitis and to explore their potential application value in early diagnosis, staging, severity staging,
diagnosis of complications, and clinical guidance for acute cholecystitis treatment. Large-sample, extensive and in-depth
studies are needed to standardized these methods to better guide clinical diagnosis and treatment.

Patient Consent for Publication
All patients provided verbal and written consent for publication.
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Ethics Approval and Consent to Participate

This study complied with the tenets of the Declaration of Helsinki and was approved by the Medical Ethics Committee of
the Second Affiliated Hospital of Jiaxing University with the ethics number of JXEY-2022ZFYJ276. All patients offering
clinical materials provided written informed consent and signed informed consent forms.

Disclosure
The authors declare that the research was conducted in the absence of any commercial or financial relationships that
could be construed as a potential conflict of interest.
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