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Purpose: Surgery impairs immune function and increases postoperative complications. B7H3, a co-stimulatory molecule, plays 
a crucial role in immune regulation. The present study examined the impact of B7H3 on the postoperative immune response in 
children with acute suppurative appendicitis (ASA) by comparing preoperative and postoperative B7H3 levels in laparoscopic surgery 
(LA) and open appendectomy (OA).
Patients and Methods: 198 pediatric ASA patients were enrolled. The researcher group performed LA, while the control group 
performed OA. Perioperative time, recovery time of gastrointestinal function, time to pass gas, length of incision, and length of 
hospitalization were compared in the perioperative period. Additionally, an ELISA assay was conducted to examine the levels of 
inflammatory factors and B7H3 and CD28. Short-term postoperative complications were also evaluated.
Results: Compared with the control group, the research group had a short operative time, gastrointestinal function recovery time, gas 
time, and hospitalization time. The short-term complication rate was significantly lower in the research group. More importantly, B7H3 
and CD28 were insignificantly different preoperatively, but they were all reduced postoperatively. Moreover, the reduction was more 
pronounced in the research group. The same results were noted in inflammatory factors and immune markers, which were non- 
significant different preoperatively and were typically reduced postoperatively, particularly in the research group. Finally, post-
operative B7H3 was positively correlated with both inflammatory factors and immune cell levels.
Conclusion: B7H3 was reduced in both postoperative periods, and the reduction was more pronounced in the LA group. B7H3 may 
be involved in postoperative recovery by modulating postoperative inflammation and immune responses.
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Introduction
Acute appendicitis is the most predominant cause of acute abdominal infections in children, with a prevalence of 1–8% in 
children with acute abdominal pain, characterized by severe disease, rapid progression, and atypical physical signs.1,2 

Due to the lower inflammatory response capacity of the pediatric organism and the thin wall of the appendix, it is often 
found to be in acute suppurative appendicitis (ASA). If left untreated 24.68% of pediatric ASA can progress to 
appendiceal perforation, posing a serious threat to the life.3 Surgery is currently the main treatment for ASA; however, 
traditional open appendectomy (OA) is more traumatic, and children recover more slowly.4 With the continuous 
development of minimally invasive techniques, laparoscopic appendectomy (LA) has gradually become a common 
surgical procedure for pediatric ASA, which is less invasive and facilitates patient recovery.5 However, surgical 
procedures including appendectomy, can lead to an imbalance in the immune system, creating an inflammatory response 
that affects the patient’s condition.6
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Immune imbalances and disorders are critical in infectious diseases. Co-stimulatory molecules and their networks 
play an important regulatory role in the efficient initiation, moderate effect, and timely abortion of immune responses. B7 
homolog 3 (B7H3), also known as CD276 or B7RP-2, was first identified as a member of the B7 family in 2000 years 
and was first isolated from a human dendritic cell cDNA library.7 Previous studies have found that B7H3 is aberrantly 
expressed in tumors and infectious diseases and participates in immune-associated inflammatory responses. For example, 
B7H3 is abnormally reduced in patients with systemic lupus erythematosus.7 Circulating B7H3 assesses the intensity of 
infectious inflammatory processes in the central nervous system of children and can differentiate between bacterial and 
aseptic meningitis. B7H3 ameliorates LPS-induced acute lung injury by inhibiting neutrophil migration and infiltration.8 

Furthermore, targeting B7-H3/CD28 has been proposed as a new biological and clinical therapeutic strategy.9 More 
importantly, Du et al research in 2020 found that B7H3 was on the rise in pediatric AA patients but was not 
diagnostically effective in differentiating pediatric ASA from noma appendicitis.10 However, the levels of B7-H3 are 
unknown in pediatric ASA patients treated with LA and OA.

This study compared the changes in B7H3 levels between LA and OA in the treatment of ASA in an attempt to 
analyze whether the difference in treatment outcomes between the two surgical modalities was related to the immune 
dysregulation caused by B7H3 levels.

Materials and Methods
Participants in This Research
One hundred and ninety-eight pediatric ASA patients who were seen at Xingtai People’s Hospital from January 2017 to 
June 2021 and underwent appendectomy were included. Inclusion criteria were: 1) age less than 14 years; 2) meeting the 
diagnostic criteria for ASA; 3) patients with fixed pressure points in the right lower abdomen and elevated white blood cell 
count; 4) imaging studies show edema of the appendix, which is confirmed by routine blood tests, ultrasound, abdominal CT, 
and laparoscopy; 5) first time of illness; 6) undergoes preoperative cardiopulmonary function tests, and is refractory to the 
surgery. Exclusion criteria: 1) Combined hepatic, renal, and other organ pathologies; 2) Combined coagulation disorders or 
autoimmune system disorders; 4) Recent administration of anti-inflammatory or anti-immune drugs. Patients are predomi-
nantly OA until 2019 and LA from 2019 onwards. 95 patients with OA (51 males, and 7.9±2.8 years old) served as the 
control group, and 103 patients with LA (56 males, and 7.5±2.3 years old) served as the Research group.

The study was conducted after approval by the Medical Ethics Committee of Xingtai People’s Hospital and the 
experiments were by the guidelines of the Declaration of Helsinki. The guardians of the children signed an informed 
consent form.

Surgical Procedures
The research group used LA methods. Tracheal intubation was performed under general anesthesia, and the child was 
placed in the supine position. A 1 cm curved incision was made next to the umbilicus, and the Trocar was inserted, and 
CO2 pneumoperitoneum was established. Pressure was maintained at 8–12 mm Hg and Trocar puncture points (0.5 cm 
each) were placed above the symphysis pubis in the left lower abdomen and at McBurney’s point. After suctioning the 
purulent cavity fluid and separating the tissue, the appendix mesentery was exposed. The mesentery of the appendix was 
managed in the avascular area and ligated with a 2–0 silk suture. It was ligated and transected 0.5 cm from the base of the 
appendix, with electrocoagulation of the residual mucosa. The appendix was removed using a 10 mm trocar, the purulent 
fluid was cleaned out, and the abdominal cavity was irrigated until the irrigation fluid became clear. The accumulated 
fluid in each space was absorbed by a negative pressure aspirator, the incision was sutured, and finally, antibiotics were 
given for treatment.

The control group underwent OA surgery. General anesthesia for tracheal intubation, with the child in the supine 
position. An oblique or transverse incision of approximately 5 cm in length is made in the right lower abdomen through 
the point of McBurney according to the previous studies.11 Subcutaneous tissue was incised in layers, avoiding large 
blood vessels, fully exposing the appendix, which was lighted and excised, and wet gauze was used to wipe the right 
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lower abdominal and pelvic cavities. The decision to place an abdominal drain is based on the volume and nature of the 
abdominal pus and abdominal washout. The incision was sutured.

Postoperative Management
After routine postoperative, two groups of pediatric patients are given combined antibiotics for anti-infection treatment, 
with cefuroxime and metronidazole being administered. Unless the patient is allergic to cefuroxime, quinolone antibiotics 
and metronidazole should be used. Semi-recumbent position is maintained for 6 h after surgery, and appropriate 
movement is advised after gas discharge. Antibiotics should be discontinued when clinical symptoms disappear, body 
temperature remains normal for 24–48 h, and white blood cell and neutrophil ratio return to normal.

Clinical Baseline and Perioperative Indicators
Preoperative clinical baseline characteristics including age, gender, disease duration, admission temperature, and systolic and 
diastolic blood pressure were recorded for both groups of children. Perioperative data such as operation time, recovery time of 
gastrointestinal function, time of defecation, time of incision, length of incision, and hospitalization time were also recorded. 
A visual analog scale (VAS) score was used to assess the level of pain in the children preoperatively and 3 days postoperatively. 
The score of which was 0–10, with higher scores indicating more severe pain. The total intraoperative blood loss is measured by 
subtracting the total weight of gauze from the combined weight of gauze with blood and adding the volume of blood in the 
suction bottle.

Inflammatory and Immune Indicators
Preoperative and 7 days postoperatively, 3 mL of fasting venous blood was collected from both groups and centrifuged at 
2500 rpm/min for 10 min. The serum of the upper part of the blood was taken and the concentrations of interleukin (IL)-8 
(#ab214030, Abcam), IL-6 (#ab178013, Abcam), tumor necrosis factor (TNF)-α (#ab181421, Abcam), C-reactive protein (CRP, 
#ab260058, Abcam), B7H3 (#ab221831, Abcam) and CD28 (#BMS290, Invitrogen) were measured by enzyme-linked 
immunosorbent assay (ELISA) commercial kit. Lymphocytes, neutrophils, and leukocytes were detected by blood smear 
method.

Postoperative Complication
Complications, including incision infections, mesenteric adhesions, and early inflammatory bowel obstruction, were recorded in 
the short-term postoperative period in both groups. Children with incision infection should be cleaned and disinfected with 
povidone-iodine, and in severe cases, debridement surgery should be performed to remove pus and necrotic tissue from the 
wound and change the dressing regularly. In contrast, children with mesenteric adhesions were treated with abdominal massage, 
breathing exercises, and infrared electrotherapy. The patient’s diagnosis of mesenteric adhesions is determined by the presence of 
symptoms such as abdominal pain, bloating, nausea, vomiting, cessation of gas, and stool passage. Children with intestinal 
obstruction were treated with strict fasting and water fasting, parenteral nutritional support, indwelling gastric tube for 
gastrointestinal decompression, growth hormone inhibitors, and antimicrobial drugs. There were no reoperations for patients 
with intestinal obstruction.

Statistical Analysis
SPSS 23.0 and GraphPad Prism 9.0 software for statistical analysis and visualization of data. Measurements were 
expressed as mean ± SD, and differences between groups were tested using the T-test. Count data were presented as 
n (%), and differences between groups were tested using the chi-square test. P < 0.05 was considered a statistically 
significant difference.
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Results
Clinical Baseline and Perioperative Indicators in Two Groups of Pediatric ASA Patients
The surgery procedures were completed in both groups, and none of the pediatric patients in the research group who 
underwent LA were converted to OA. Moreover, as presented in Table 1, the two groups of pediatric ASA patients had 
non-statistically different clinical baseline characteristics in terms of age, gender, disease duration, admission tempera-
ture, and admission systolic and diastolic blood pressure (P > 0.05). However, compared to the control group, the 
research group had shorter operation time, gastrointestinal function recovery time, exhaust time, incision time, and 
incision length as well as hospital stay (P < 0.05, Table 1).

VAS scores, a pain indicator, were not significantly different between the two groups preoperatively but were sharply 
decreased in both groups postoperatively. Notably, the research group exhibited a more pronounced reduction compared 
to the control group (P < 0.05, Figure 1A and B).

Preoperative and Postoperative Inflammatory Factor Levels in Both Groups of 
Pediatric
Subsequently, inflammatory indicators were analyzed. No significant differences were found in CRP, IL-8, IL-6, and 
TNF-α between the two groups preoperatively, but they were all significantly reduced at 1 week postoperatively 
compared with preoperatively (P < 0.05, Figure 2A–H, Supplemental Table 1). Importantly, serum CRP, IL-8, IL-6, 
and TNF-α of the research group were significantly lower than those in the control group (P < 0.05, Figure 2A–H, 
Supplemental Table 1).

Comparison of Preoperative and Postoperative Immune Markers
Lymphocytes, neutrophils, and leukocytes were not statistically different between the two groups preoperatively, but they 
were all significantly more reduced one week postoperatively compared to preoperatively (P < 0.05, Figure 3A–F, 

Table 1 Clinical Data of the Study Subjects

Indicators Control Group  
(n=95)

Research Group  
(n=103)

P-value

Gender (male/female) 51/44 56/47 0.518

Age (years) 7.9±2.8 7.5±2.3 0.924

Course of disease (h) 34.8±8.1 33.1±9.3 0.169

Admission temperature (°C) 37.7±0.73 37.5±0.54 0.217

Systolic pressure (mmHg) 112.8±11.7 111.9±11.36 0.589

Diastolic pressure (mmHg) 75.3±6.5 74.3±7.8 0.320

Operation time (min) 67.2±24.3 58.33±15.8 0.002

Intraoperative hemorrhage (mL) 47.1±12.1 28.0±9.8 <0.001

Time of recovery of gastrointestinal function (h) 21.6±3.4 15.4±2.5 <0.001

Exhaust time (h) 30.1±7.6 18.6±5.8 <0.001

Incision length (cm) 5.1±1.0 2.4±0.7 <0.001

Length of hospitalization (d) 9.9±2.4 8.0±1.6 <0.001

Notes: Control group, pediatric patients was treated with open appendectomy; Research group, pediatric patients were treated with 
laparoscopic appendectomy. Data are expressed as mean ± standard deviation or n.
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Supplemental Table 1). Additionally, lymphocytes, neutrophils, and leukocytes were significantly lower in the research 
group than in the control group postoperatively (P < 0.05, Figure 3A–F, Supplemental Table 1).

B7H3 and CD28 Expression in the Preoperative and Postoperative Period
CD28/B7H3 signaling is strongly recommended with adaptive immunity and reflects the degree of immune dysfunction. 
B7H3 and CD28 were not statistically different between the two groups of children preoperatively, but they were both 
significantly lower postoperatively (P < 0.05, Figure 4A–D). In addition, B7H3 levels were notably lower in the research 
group than in the control group (P < 0.05, Figure 4A–D). Pearson’s correlation coefficients showed a significant 
positivity correlation between B7H3 and lymphocytes, neutrophils, and leukocytes, which are postoperative immune 
indicators, as well as CRP, IL-6, IL-8, and TNF-α, which are inflammatory indicators (P < 0.05, Table 2).

Comparison of Short-Term Postoperative Complications
Ten complications occurred in the short-term postoperative period in both groups, and there were no children with two or 
more complications. 2 incision infections, 3 mesenteric adhesions, and 3 postoperative intestinal obstruction were found 
in the control group, and 1 incision infection and 1 intestinal obstruction were found in the research group. The overall 
rate of postoperative complications was significantly lower in the research group (1.94%) than in the control group 
(8.42%, P < 0.05, Table 3).

Discussion
ASA is a condition in which the lesion has invaded the entire appendiceal wall, with marked swelling of the appendix 
and elevation of the outer appendiceal plasma membrane.12 Due to the small size of the appendix in early childhood, the 
appendix wall is weak, with little basal tissue, and when circulatory disorders of appendiceal blood flow occur, the 
appendix is locally ischemic and necrotic, which is conducive to the propagation and growth of pathogens. Therefore, 
ASA was previously reported to be the dominant cause of acute abdominal infections in children.13 Surgery is the usual 

Figure 1 Changes in VAS score of patients in both groups preoperatively and postoperatively. (A) Inter-group comparison of preoperative and postoperative VAS score 
changes in the two groups of patients, respectively. (B) Within-group comparisons were made to analyze the difference between preoperative and postoperative VAS scores. 
***P < 0.001, vs postoperative control group; ###P < 0.001 vs Preoperative control group or preoperative research group.
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treatment for ASA, with approximately 370,000 patients undergoing appendectomy each year in the United States,14 

70,000 of which are pediatric surgeries, and the average cost is $9000.15

Certain variability exists between OA and LA in the treatment of patients with ASA.16 OA, as a traditional and 
mature surgical procedure, is associated with high trauma, and severe damage to the body. Also, in children with 
abdominal abscesses and diffuse inflammation, a small incision open abdomen has a relatively small field of view, and it 
is impossible to determine the amount of pus and abdominal inflammation, so OA has some limitations. LA, as 
a minimally invasive procedure combining modern surgical techniques with endoscopic techniques and a wide surgical 
field, is now widely used in pediatric ASA patients. However, due to the specificity of ASA and its complications, LA as 
the first treatment modality for septic appendicitis is still somewhat controversial.17 In the present study, we first 
compared the effects of the two procedures on perioperative indicators of pediatric ASA. Children with LA have shorter 
operative time, gastrointestinal recovery time, venting time, incision length, and length of hospitalization than patients 
with OA, and this is consistent with previously reported outcomes.18 In addition, we found a significantly lower 
incidence of short-term complications in children who underwent LA than in children with OA, this is consistent with 
previous research.19 In conclusion, we verified that LA was more effective than OA in terms of perioperative and 
postoperative complications.

The surgical procedure can result in compromised immune function, rendering the body more vulnerable to 
microorganisms, and impacting both systemic system and tissue cells, thereby increasing the likelihood of postoperative 
complication.20 The levels of several cytokines are significantly altered postoperatively and are mainly involved in the 
inflammatory response and the regulation of the immune response to maintain homeostasis in the body.21 Chawla LS’s 
analysis in 2016 found that immune cells in ASA patients were not directly activated by pathogens but were triggered by 

Figure 2 Comparison of preoperative and postoperative inflammatory indicators in two groups of children. (A and B) preoperative and postoperative CRP levels in both 
groups. (C and D) preoperative and postoperative IL-8 levels in both groups. (E and F) preoperative and postoperative IL-6 levels in both groups. (G and H) preoperative 
and postoperative TNF-α levels in both groups. ***P < 0.001 vs postoperative control group; ###P < 0.001 vs Preoperative control group or preoperative research group.
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diffusion factors in the infected microenvironment, which involved immune mechanisms.22 Therefore, we first analyzed 
the changes in different inflammatory factors between the two surgeries in children preoperatively and postoperatively. 
IL-6 has been identified as a disease-related biomarker of appendicitis. In a recent study on specific metabolomics and 
mass spectra of inflammatory mediators in pediatric acute appendicitis, IL-6 and CRP were the most unique inflamma-
tory biomarkers.23,24 In addition, studies have confirmed that high IL-8 levels are observed in the appendix, peritoneal 
fluid, and serum during acute appendicitis.25 The mRNA levels of TNF-α were also strongly elevated in ASA.26 In our 
study, we found that there was no significant difference in CRP, IL-6, IL-8, and TNF-α between the two groups of 
patients preoperatively, but the levels of secretion were significantly reduced postoperatively, suggesting that both 
surgeries achieved the therapeutic effect of alleviating ASA by suppressing inflammatory secretion. In contrast, LA 
suppressed inflammation more significantly than OA, suggesting that OA may require more inflammatory factors to 
maintain homeostatic balance. Previous studies have documented that the secretion of inflammatory factors triggers an 
in vivo immune response, while foreign antigens may be introduced during surgical procedures.27 These antigens interact 
with specific T cells, leading to adaptive immune responses involving antigen presentation and T-cell activation, which 

Figure 3 Comparison of leukocytes (A and B), lymphocytes (C and D), and neutrophils (E and F) between the two groups of patients preoperatively and postoperatively. 
***P < 0.001 vs postoperative control group; ###P < 0.001 vs Preoperative control group or preoperative research group.
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necessitate the involvement of co-stimulatory signaling molecules. We further analyzed the immunity indexes and found 
that the number of leukocytes, neutrophils, and lymphocytes did not differ significantly between the two groups before 
the operation, but decreased significantly after the operation, suggesting that appendectomy not only affects the 
inflammatory response but also leads to the impairment of the body’s immune function. In addition, the immune indexes 

Figure 4 Comparison of B7H3 (A and B) and CD28 (C and D) between the two groups of patients preoperatively and postoperatively. **P < 0.01, ***P < 0.001 vs 
postoperative control group; ###P < 0.001 vs Preoperative control group or preoperative research group.

Table 2 Correlation Between B7H3 and Various Inflammatory Markers in the Subjects

Indicators Preoperation Postoperation

Correlation (r) P-value Correlation (r) P-value

Leukocytes (×109/L) 0.251 <0.001 0.528 <0.001

Lymphocyte (×109/L) 0.068 0.342 0.657 <0.001

Neutrophils (×109/L) 0.075 0.294 0.598 <0.001

CRP (mg/L) 0.159 0.025 0.692 <0.001

IL-6 (ng/L) 0.196 0.006 0.717 <0.001

IL-8 (ng/L) 0.150 0.035 0.577 <0.001

TNF-α (ng/L) 0.046 0.519 0.548 <0.001

Abbreviations: CRP, C-reactive protein; IL-6, Interleukin-6; IL-8, Interleukin-8; TNF-α, tumor necrosis factor alpha.

Table 3 Complications Occur After Resection in Pediatric Patients with Acute Suppurative Appendicitis

Indicators Total  
(n = 198)

Control Group  
(n=95)

Research Group  
(n=103)

P-value

Incision infection, n (%) 3 (1.52%) 2 (2.11%) 1 (0.97%) 0.514

Mesenteric adhesions, n (%) 3 (1.52%) 3 (3.16%) 0 (0.00%) 0.069

Bowel obstruction, n (%) 4 (2.02%) 3 (3.16%) 1 (0.97%) 0.274

All complications, n (%) 10 (5.05%) 8 (8.42%) 2 (1.94%) 0.038

Notes: In the control group, pediatric patients were treated with open appendectomy; in the Research group, pediatric patients were 
treated with laparoscopic appendectomy. Data are expressed as n (%).
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of LA were reduced more significantly than OA, suggesting that LA is more conducive to the protection of the patient’s 
immune function.

ASA is the predominant cause of acute abdominal infections in children, and immune dysfunction and disorders are 
critical in ASA. The significance of co-stimulatory molecules and their networks in the effective initiation, moderate 
effect, and timely abortion of immune responses. B7H3 belongs to the B7-CD28 pathway and is thought to be an immune 
checkpoint molecule regulating T cell and NK cell viability in infectious diseases.28 Recent studies have shown that 
B7H3 is also involved in innate immune-related inflammatory response. In intrinsic immunity, B7H3 can act as a co- 
stimulatory molecule to enhance the release of inflammatory factors. B7H3 is significantly elevated in plasma and 
cerebrospinal fluid, which can be diagnosed in patients with sepsis and bacterial meningitis.29,30 Furthermore, B7H3 
ameliorated LPS-induced acute lung injury by attenuating neutrophil migration and infiltration.8 B7H3-deficient mice 
develop more severe airway inflammation and earlier onset of experimental autoimmune allergic encephalomyelitis.31 

B7H3 is associated with the pathogenesis of asthma, arthritis, and allergic conjunctivitis.32,33 Surgery can also affect 
B7H3 expression. For example, a study by Li et al in 2016 found that the plasma B7H6 was significantly lower on 
postoperative day 7 in both children undergoing pediatric general and cardiac general and was significantly lower in 
cardiac surgery than general surgery.21 In our study, we found that the expression of B7H3 and CD28 was insignificant 
difference in the preoperative period in the two groups, but were greatly reduced in the postoperative period, which is 
consistent with the findings of Li et al. This suggested that the changes in B7H3/CD28 signaling were all caused by 
surgical stress. Meanwhile, we also found a significant positive correlation between B7H3 and both inflammatory 
indicators and immune factor levels. This suggests that the therapeutic effect of surgery on ASA may be because the 
reduction of B7H7 levels inhibits its mediated inflammatory and adaptive immune response and thus alleviates the 
condition. In addition, we found that B7H3 was more significantly reduced in LA than OA. Suggesting that fewer 
complications and faster recovery in LA may also be related to the immune co-regulation of B7H3. In conclusion, the 
significant difference in outcome between the two surgical treatments may be related to B7H3-mediated immunomodula-
tion, and LA may have a more positive correspondence of B7H3-mediated immune response than OA. This provides the 
possibility for clinical practice, perhaps through in vitro anti-B7H3 antibodies that can reduce the immune response in 
laparoscopic surgery and serve to alleviate postoperative complications and increase the therapeutic effect.

In addition, this study also has certain limitations. As this study serves as an initial exploration of the relationship 
between B7H3 and appendectomy methods and complications, it involves various aspects including clinical, post-
operative, and postoperative comparisons to ensure the clinical outcomes are associated with B7H3, which may lead 
to relatively scattered data. However, we will focus on exploring B7H3, inflammation, and specific molecular mechan-
isms in the later stage. Furthermore, the duration of antibiotic treatment in both groups was not collected for all patients 
in this study as it was based on the patients’ postoperative recovery. Finally, it is essential to further expand the clinical 
samples and explore potential mechanisms.

Conclusion
LA is more effective than OA in blocking the excessive production of inflammatory factors and intrinsic immune 
imbalance by reducing B7H3, which is more beneficial to the postoperative recovery of patients.

Abbreviations
ASA, acute suppurative appendicitis; B7H3, B7 homolog 3; CRP, C-reactive protein; ELISA, enzyme-linked immuno-
sorbent assay; IL, interleukin; LA, laparoscopic appendectomy; OA, open appendectomy; TNF, tumor necrosis factor; 
VAS, visual analog scale.
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