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Objective

To study the effect of an injection of Pseudomonas aeruginosa mannose-sensitive hemagglutinin (PA-MSHA) on inflammation and immune function in patients with upper urinary tract calculi complicated by infection who have undergone percutaneous nephrolithotomy.





Methods

We retrospectively recorded the clinical data of patients with upper urinary tract calculi complicated by infection who have undergone Percutaneous nephrolithotomy(PCNL) in the Department of Urology, 2nd Affiliation Hospital of Kunming Medical University, from March to December 2021. Clinical data include general condition, laboratory index, CT, postoperative body temperature, heart rate, respiration, SIRS, sepsis, etc. Patients were divided into treated and control groups according to whether they had received a preoperative PA-MSHA injection. The two groups were compared for indices of inflammation and complications of infection after PCNL. Pre- and post-operative lymphocyte subsets and immunoglobulin changes were compared.





Results

115 patients were included in the study, including 43 in the treatment group and 72 in the control group. After Propensity Score Matching, 90 patients were divided into treatment (n=35) and control (n=55) groups. The postoperative inflammation index was higher in the treatment group than in the control group (P<0.05). The incidence of postoperative SIRS was higher in the treatment group than control (P<0.05). There were no cases of sepsis in either group. The double-positive T cells lymphocyte subsets were higher in the treatment group than in the control group ((P<0.05). Pre- and post-operative changes in immune function: total T lymphocyte count reduced, NK and NKT cell count increased in the control group, double-positive T cell count increased in the treatment group, IgG, IgA, IgM, complement C3 and C4 count reduced in both groups post-operatively.





Conclusion

This study found that patients with upper urinary tract calculi and infection treated with antibiotic-based PA-MSHA before percutaneous nephrolithotomy had an increased inflammatory response after surgery, which may play a role in the prevention and treatment of sepsis. The percentage of double-positive T cells in the peripheral blood was increased after PA-MSHA treatment, which may have an immunomodulatory and protective effect in PCNL patients with stones complicated by infection.
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1 Introduction

A recent study found that age-standardized morbidity and mortality from sepsis have decreased over the past 30 years; however, 19.7% of deaths worldwide are still attributed to sepsis (1). Even in high-income countries, case fatality rates for sepsis and severe sepsis are as high as 17% and 26%, respectively, making it a leading cause of morbidity and mortality worldwide (2). Percutaneous nephrolithotomy is associated with less trauma, a high stone extraction rate and rapid postoperative recovery and is a first-line treatment for high-volume upper urinary tract calculi. Currently, the only preventive measure available for urinary sepsis after PCNL are limited to preoperative antibiotic prophylaxis was used routinely for 7d for the high-risk population, nephrostomy and other measures to relieve obstruction in time before surgery (3, 4), maintaining a low perfusion pressure during surgery, controlling the duration of surgery and keeping the drainage unobstructed after surgery (5). The prevention of urinary sepsis, which can occur after surgery, has always been the difficulty and focus for urologists to improve the perioperative safety of patients undergoing endoscopic surgery (6).

Sepsis can trigger complex immune interactions between pro-inflammatory and anti-inflammatory in the host. During sepsis, inflammatory storms cause damage to the body, meantime immune activation and inflammation are needed to fight infection, and blocking inflammation can be fatal. Considering its complex immune response, the similarity between immunosuppression and immunodeficiency of cancer (7), and the increasing incidence of sepsis (8). At the same time, the current treatment is still limited to the general treatment of ICU (9) and the gradual emergence and development of antibiotic resistance. These all provide a driving force for developing immune regulation and immunostimulatory therapy for sepsis. Exploring and developing treatments to improve the dynamic balance of the immune system is a new way to treat sepsis, a disease of immune imbalance. The strategies of immune regulation and immunostimulatory therapy show excellent prospects in clinical research (9).

Immunotherapy includes passive immunization, active immunization, and other immunoadjuvant therapy. In passive immunity, the body acquires immunity passively based on the antibacterial activity of antibodies (neutralizing toxin, blocking pathogen invasion, activating complement, leading to phagocytosis, cytotoxicity) and immunomodulatory activity (down-regulating the production of inflammatory cytokines IL-1, IL-2, TNF α, IGF, accelerating antibody clearance) (8). Injection of specific pathogenic bacteria antigens to improve the body’s resistance to the pathogenic bacteria infection is called active immunity. Active immune candidate vaccine components for sepsis include endotoxin, bacterial superantigen, peptidoglycan, teichoic acid, bacterial DNA, and other microbial mediators (8). Vaccine methods can complement standard treatment schemes and other immunotherapy measures. It may be an effective way to prevent sepsis by immunizing people at high risk of sepsis to produce high titers of protective antibodies against common harmful bacteria and toxins. Among them, PA-MSHA injection is a biological vaccine preparation with trans-bacterial immunogenicity, and its main component is Pseudomonas aeruginosa mannose-sensitive hemagglutination hair strain. A large number of basic medical studies, clinical applications, and studies for many years have shown that PA-MSHA injection can induce the activation of dendritic cells, activate the adaptive immune response, activate macrophages, improve tumor microenvironment, specifically adhere to tumor cells, block EGFR signal pathway and induce tumor cell apoptosis. Clinically, it is used to treat malignant tumors, regulate and improve human immune function, and reduce the occurrence of infection (10–12).

By detecting the changes in T lymphocytes and immunoglobulin, we can understand the autoimmune status of patients, then effectively guide clinical treatment. T lymphocytes of different types and subsets assume their responsibilities to achieve the functions of immune activation, response, promotion, or inhibition of immune response. When T cells are dysfunctional, it can lead to autoimmunity or other diseases. For example, there is a T lymphocyte immune disorder in sepsis (13). Thus, the aim of this study was to understand the changes in immune function before and after PCNL, and more importantly, to detect and compare the lymphocytic subsets, immunoglobulins, inflammation indices, and infection complications (SIRS, sepsis) in infected patients through the detection of lymphocytic subsets and immunoglobulins. To further discuss the regulatory effect of PA-MSHA injection on immune function and inflammation in patients with calculi complicated by infection undergoing PCNL surgery.




2 Materials and methods



2.1 Clinical data of PCNL patients with upper urinary tract calculi and infection in the Department of Urology of the second affiliated Hospital of Kunming Medical University from March to December 2021



2.1.1 Inclusion criteria

	(1) age: 18-80;

	(2) patients underwent percutaneous nephrolithotomy for upper urinary tract calculi;

	(3) meet the diagnostic criteria of urinary tract infection.






2.1.2 Exclusion criteria

	(1) patients with other malignant tumors;

	(2) patients treated with immunosuppressants;

	(3) patients with immunodeficiency disease;

	(4) pregnant or lactating women;

	(5) patients with incomplete clinical data collection.







2.2 Grouping method

The patients were divided into treatment group and control group according to whether they received PA-MSHA injection before operation.




2.3 Treatment scheme



2.3.1 Antibacterial therapy

According to the HALF classification, the high-risk and asymptomatic bacteriuria groups were treated with sensitive antibiotics according to urine culture results before the operation; if the urine culture was negative, antibiotics covering common urinary tract pathogens were used for 1 week. In the low-risk group, the first-and second-generation cephalosporins and fluoroquinolones were selected; if there were no postoperative complications, the total course of antibiotics was less than 24 hours. In the fever group, infection was controlled in the first stage, second expectation of infection symptoms and management of stones once infection indicators have stabilized; the antibiotics in the perioperative period were selected according to the positive medication sensitivity results of the latest urine or blood bacteriological culture, and the main route of administration was intravenous infusion.

H group, high risk: Preoperative negative urine culture, patients without febrile symptoms, but with high risk factors for intraoperative and postoperative infectious complications, including large stone load (≥2 cm in diameter) and/or moderate or severe hydronephrosis, recent history of fever, presence of urinary routine infection, long-term indwelling catheter, diabetic patients, and immunocompromised patients. A group, asymptomatic bacteriuria: Positive preoperative urine culture or preoperative urine routine suggesting positive nitrite, but the patient has no symptoms of infection. L group, low risk: Preoperative urine culture was negative, the patient had no chills or fever, stone diameter <2 cm, no obstruction or incomplete obstruction, and no or mild hydronephrosis. F group, fever: Patients with urinary stones combined with obstruction present with symptoms of urinary tract infection such as chills and fever.




2.3.2 Pseudomonas aeruginosa mannose-sensitive hemagglutinin treatment

PA-MSHA: Chinese medicine standard word S20043022, specification: containing bacteria 1.8x109/ml, Beijing Wante Biopharmaceutical Co., Ltd. It is suitable for adjuvant treatment of malignant tumors, improving the human immune status and reducing the occurrence of infection. Adverse reactions: local injection site has mild redness and swelling, very few have a low fever, do not need to deal with can be self-subsiding.

The patients in the treatment group were subcutaneously injected with PA-MSHA injection; the injection site was at the upper arm or around the umbilical cord, the injection dose was 1ml/per time, the frequency was once every other day, and the injection was completed three times before PCNL.




2.3.3 Anesthesia method

Intravenous inhalation combined with anesthesia was used. The induction regimen was propofol-induced 2mg/kg, sufentanyl 0.4ug/kg, and rocuronium 0.9mg/kg. The maintenance dose was propofol 4mg/kg/h, remifentanil 0.15ug/kg/min. Sevoflurane inhalation maintained the MAC at 0.7.




2.3.4 Percutaneous nephrolithotomy

The operation on the patient was performed by physicians with at least 2 years of experience in percutaneous nephrolithotomy. After the anesthesia took effect, they found the lithotomy position of the patient, routinely disinfected the perineal skin, and spread aseptic disinfection towels. Ureteroscope was inserted through the urethra, and a ureteral catheter was inserted along the ureteral orifice of the affected side. The depth of the ureteral catheter was about 25cm. After urine outflow, the ureter was retained, and the ureteral catheter was fixed. The patient took the prone position, sterilized the skin of the operation area, and spread the aseptic operation towel. Artificial hydronephrosis was formed by injecting normal saline through the ureteral catheter. The puncture point was selected at the suprascapular line of the operation side and the upper/lower ribs. Under the guidance of ultrasound/X-ray, the puncture into the target calyx and the urine outflow was seen by the puncture needle. The guide wire was inserted into the puncture needle, the fascia dilatation tube was used to expand to F20 step by step, the F20 working sheath was retained, and the ureteroscope/nephroscope was placed. The renal pelvis and calyceal structure, color, and shape were observed. The stones were smashed one by one with a holmium laser and sucked out and collected until there was no residual stone after repeated observation. Under the guidance of the guide wire, one F5 double J tube was inserted, withdrew from the nephroscope, and one F16 nephrostomy tube was appropriately fixed at the end of the operation.





2.4 Clinical data



2.4.1 Demographic and clinical characteristics of patients

	(1) Sex, age, BMI;

	(2) The maximum diameter of upper urinary tract calculi measured by computerized tomography in the middleand lower abdomen;

	(3) Urine leukocyte count, urine culture, IL-6, hs-CRP, PCT, peripheral blood leukocyte count, serum creatinine value;

	(4) Days of preoperative use of antibiotics.






2.4.2 Related indicators of postoperative inflammatory response

	(1) IL-6, hs-CRP, PCT;

	(2) SIRS related index: peripheral blood leukocyte count, proportion of peripheral blood immature cells, arterial blood carbon dioxide partial pressure, heart rate, body temperature, respiratory rate;

	(3) Sepsis related index: PO2/FiO2, platelet, bilirubin, mean arterial pressure, vasoactive medication use, creatinine, urine volume, central nervous system score.



Definitions of sepsis(2016,sepsis-3): Suspected infection and an acute change in Sequential Organ Failure Assessment (SOFA) score of ≥2 points consequent to infection.




2.4.3 Related indicators of immune function

(1) Lymphocyte subsets detection: total T lymphocyte percentage, T4 lymphocyte percentage, T8 lymphocyte percentage, double negative T lymphocyte percentage, CD4+CD8+double positive T lymphocyte percentage, B lymphocyte percentage, NKT lymphocyte percentage, NK lymphocyte percentage, HLA-DR+T lymphocyte percentage, CD4/CD8 ratio.

(2) five items of immunoglobulin: IgG, IgA, IgM, complement C3, complement C4.





2.5 Research methods

Clinical data were collected retrospectively, the inflammatory indexes, infection complications [SIRS, sepsis (14)], lymphocyte subsets, and immunoglobulin before and after PCNL were compared between the two groups.




2.6 Statistical methods

SPSS26.0 software was used to process, analyze, and count the data.

The baseline of the two groups of original data needs to be balanced. Propensity score matching (PSM) was used, with a matching ratio of 1:2, so that study groups were similar to those in randomised controlled trials. The adoption rate or constituent ratio of counting data was expressed, and the chi-square or Fisher’s accurate test was used for comparison. If the data were normally distributed, the mean ± standard deviation (SD), independent samples t-test, and paired t-test were applied to compare between groups. If the data are not normally distributed, use the interquartile range (IQR) to compare the differences.





3 Result



3.1 demographic and clinical characteristics

In this study, 115 patients were divided into treatment (n=42) and control (n=73) groups. There was no significant difference in age, sex, BMI, urine leukocyte count, urine culture positive rate, blood leukocyte count, PCT, hs-CRP, creatinine, and days of preoperative antibiotic treatment between the two groups. However, there was a significant difference in stone diameter and IL-6 between the two groups, as shown in Table 1.


Table 1 | Demographics and clinical characteristics.



Of the 42 patients in the treatment group, 14 patients (33.3%) had pain at the injection site of the PA-MSHA injection, and 8 cases (19%) had redness and swelling at the injection site at the same time. All patients’ pain, redness and swelling resolved without any special treatment.

According to PSM matching, there were 35 cases in the treated group and 55 in the control group. See Tables 2, 3 for details.


Table 2 | Demographic and clinical characteristics after PSM matching.




Table 3 | P-values for intra-group comparison and inter-group comparison of lymphocyte subpopulations and immunoglobulin five.






3.2 Indexes of postoperative inflammation and occurrence of infection complications (SIRS, sepsis)

After surgery, there were significant differences between the two groups regarding SIRS% and hs-CRP. SIRS was 10.9% (6 cases) in the control group and 31.4% (11 cases) in the treatment group. There were no cases of sepsis in either of the two groups. As shown in Tables 4, 5, there was no statistical difference in IL-6 and PCT between the two groups after surgery.


Table 4 | Comparison of inflammatory indicators and occurrence of infectious complications (SIRS, sepsis) between groups after PSM matching.




Table 5 | Number of postoperative SIRS cases meeting each diagnostic criterion specifically.






3.3 Lymphocyte subsets and immunoglobulin



3.3.1 Intra-group comparison

In the control group, NKT and NK lymphocyte percentages increased postoperatively. In contrast, CD3 + T lymphocyte, IgG, IgA, IgM, complement C3, and complement C4 decreased significantly postoperatively, and the other indices were not statistically different, as shown in Tables 3, 6 (Figures 1, 2).


Table 6 | Specific statistical values for lymphocyte subsets and immunoglobulins in the control and treatment groups, preoperatively and postoperatively.






Figure 1 | In the control group, NK lymphocyte percentages increased postoperatively. In contrast, IgA, IgM decreased significantly postoperatively. Symbols indicate a significant difference between the indicated groups, as follows: *p < 0.05.






Figure 2 | In the control group, NKT lymphocyte percentages increased postoperatively. In contrast, CD3 +T lymphocyte, IgG, complement C3, and complement C4 decreased significantly postoperatively. Comparison between groups: After surgery, CD4+CD8+DPT cell percentages were higher in the treatment group than in the control group. Symbols indicate a significant difference between the indicated groups, as follows: *p < 0.05.



In the treatment group, the percentage of CD4+CD8+DPT increased postoperatively, whereas IgG, IgA, IgM, complement C3, and complement C4 decreased compared with the preoperative values, and the difference was statistically significant. As shown in Tables 3, 6 (Figures 1, 2), the other indices had no statistical difference.




3.3.2 comparison between groups

Lymphocyte subsets and immunoglobulins were not significantly different between the two groups before surgery.

After surgery, CD4+CD8+DPT cell percentages were higher in the treatment group than in the control group, and the difference was statistically significant, with no statistical difference in other indices, as detailed in Tables 3, 6 (Figures 1,  2).






4 Discussion

Sepsis is a life-threatening organ dysfunction caused by a defective host response to infection (15). Urinary sepsis is caused by an infection of the genitourinary tract (14). It accounts for 9-31% of sepsis cases, with a mortality rate of 20-40% (16). Urinary sepsis is a serious and life-threatening complication of UTI. It is important to recognize it early and start appropriate treatment promptly (17).



4.1 Changes of immune function in sepsis

In patients with sepsis, there is a direct relationship between the occurrence and degree of immune dysfunction and adverse outcomes. There are two stages in the immune process of sepsis: immune-activated and immunosuppressed. Initially, a “cytokine storm” mediates excessive inflammation, upregulating innate immunity gene expression while downregulating adaptive immunity gene expression. The body then activates anti-inflammatory mechanisms, reducing immune function and endogenous anti-inflammatory responses, increasing susceptibility to infection (18). Sepsis involves apoptosis, endotoxin tolerance, epigenetic reprogramming and central regulation (19), and up-regulated expression of immunosuppressive molecules (20), including programmed death receptor-1 (Programmed cell Death protein1, PD-1), programmed death ligand-1 (Programmed cell Death 1 Ligand 1, PD-L1), cytotoxic T lymphocyte antigen-4, T cell membrane protein-3 and lymphocyte activating gene-3 directly or indirectly damage the function of almost all types of immune cells, and the immune cells regulate each other, damaging the innate immune system and acquired immune system function (20).

In innate immunity, there is a decrease in the number of dendritic cells, NK cells, and γ δ T cells (21–23). Of these, dendritic cells are susceptible to sepsis (24), with reduced expression (25), reduced antigen presentation, and apoptosis strongly associated with sepsis-associated immunosuppression and death (26). It affects adaptive immunity by inducing T cell anergy and Treg cell proliferation. It does not induce effector T-cell responses (25). Decreased cytokines secreted by NK cells, decreased cytotoxicity (22), and decreased IFN-γ produced by NK cells also lead to decreased HLA-DR expression on monocytes, promoting immunosuppression (27). The reactivation of latent viruses may also result from impaired NK cell function (27). Monocyte-macrophage cells showed reduced ability to release proinflammatory cytokines but unimpaired or increased ability to release anti-inflammatory mediators. Antigen presentation was reduced due to the increased release of immunosuppressive mediators, HLA-DR expression was also reduced (22). After ingestion of apoptotic immune cells by surviving monocytes-macrophages and dendritic cells, a state of “immune tolerance” with characteristics of immunosuppression occurred, antigen presentation function decreased, and its function was insufficient to fight pathogens (18, 21). And neutrophils, which account for the highest proportion of leukocytes, although the number of neutrophils increased in circulation, but their function decreased (28).

Adaptive immunity involves a reduction of cytokine production by the Th 1, Th 2 and Th 17 cell subsets of CD4+ Th cells. Cytokines produced by Th1, Th2 and Th17 cell subsets (IFN-γ, IL-2, TNF-α, IL-4, IL-5, IL-6, IL-17, etc.) play an essential role in normal cellular immunity, humoral immunity and innate immunity (29). Expression of PD1 in CD4+ T cells and PDL1 on macrophages increased, and PDL1 expression in capillary endothelial and bronchial epithelial cells increased. In this case, even if T cells have migrated to the site of infection, their function is impaired, severely compromising the host’s ability to scavenge microorganisms (18). Studies have shown that increased PD1 expression on circulating T cells in patients with sepsis is associated with decreased T cell proliferation, increased nosocomial infection and mortality (30). Treg cells are a specific group of T cells and “inhibitory” cells. In sepsis, Treg cells are more resistant to sepsis-induced apoptosis and increase in number. Treg cells weaken innate and acquired immunity by inhibiting monocytes, neutrophils, NK cells and effector T cells, further increasing susceptibility to secondary microbial infection (31, 32).




4.2 Immunotherapy for immunosuppression

For immunosuppression, effective immunotherapies include intravenous immunoglobulin (33), IFN γ (34), GM-CSF (19), recombinant human IL-7 (35), thymosin α1 (36), anti-PD-1 and anti-PDL-1 (37), etc. J5DLPS/OMP composite vaccine (38), chip vaccine (39), IL-3 (40), IL-15 (41), FLT3L (42), PA-MSHA (11), etc., require further experimental investigation.

PA-MSHA injection, the vaccine is an inactivated Pseudomonas aeruginosa mannose-sensitive haemagglutinin fimbriae mutant that contain lipopolysaccharide antigen in the outer membrane of the bacterial cell wall and Pseudomonas aeruginosa MSHA fimbriae. The main component of the pilus is the highly immunogenic fimbrial protein, which is widely distributed in Gram-negative bacilli of the same species, such as Escherichia coli, Proteus, etc. The vaccine, therefore, has broad-spectrum immunogenicity. The activation of immune cells can produce a high titer of broad-spectrum pili antibodies (the main component is IgG) and improve the activity of NK cells, the level of IL-2, complement C3, complement C4, and the CD4/CD8 ratio (43). Currently, it has been shown to improve immune function in malignant tumors such as bladder, lung, breast, and skin cancers and chronic idiopathic urticaria (44–49). In terms of inflammatory regulation, the vaccine has both pro- and anti-inflammatory effects.

PA-MSHA can activate dendritic cell proliferation and differentiation, alter immune tolerance, activate T and B cells, increase T lymphocyte numbers and subsets and proportion of CD4+T lymphocytes, stimulate differentiation of innate immune factors, and improve antigen presentation function (11). Liu, X.F. et al. analysed changes in cellular immunity and inflammatory factors of PA-MSHA and septic serum-stimulated healthy human peripheral blood mononuclear cells (PBMC) and found that PA-MSHA pretreatment promoted the production of Tregs cells, increased the level of IL-10 and inhibited the production of TNF-α induced by septic serum (50).




4.3 PA-MSHA in patients with upper urinary tract calculi complicated with infection



4.3.1 Inflammatory indicators

The prevention and treatment of sepsis after percutaneous nephrolithotomy in patients with upper urinary tract calculi complicated with infection is a major challenge. Given the potential regulation of inflammatory response shown by the PA-MSHA vaccine, we studied its role in the early prevention of sepsis. The postoperative inflammation index and the incidence of infection complications were statistically analyzed and compared, and it was found that there was no significant difference between PCT and IL-6. The hs-CRP of the treatment group was higher than that of the control group, and the difference was statistically significant. However, the median of the treatment group was still within the normal reference range. Hs-CRP is an acute phase reactive protein significantly increased in infection, which can activate monocytes-macrophages, etc., and is an essential inflammatory factor promoting downstream inflammatory response (51). This study found that the incidence of SIRS in the treatment group was higher than in the control group, and the inflammatory reaction was more robust. However, according to the criteria of SOFA and qSOFA, there was no sepsis in the two groups. Systemic inflammatory response syndrome is a group of clinical symptoms of the systemic non-specific inflammatory response caused by a severe injury of infectious or non-infectious factors such as infection, trauma, burn, operation, and ischemia-reperfusion (52). The indexes in SIRS criteria, such as body temperature, white blood cells, and respiration, are more basic indicators that reflect the host’s response more than the disorder’s response (52). In other studies, the incidence of SIRS after PCNL was 20-30%, and sepsis was only 0-3% (53). Compared with SIRS, SOFA, and qSOFA, the sensitivity and specificity are better than SIRS, which can better reflect the homeostasis imbalance in the body. SOFA score and qSOFA score can assess the risk of sepsis in infected patients and greatly help in screening suspected sepsis (54). Considered the incidence of SIRS in the treatment group is higher than that in the control group, and the increased inflammatory reaction is related to the medication reaction.

This is similar to the results observed by Zhu, H et al. (55) in a septic mouse model. In this study, the levels of pro-inflammatory factors (TNF- α and IL-6) were significantly increased in rats pretreated with PA-MSHA every other day for 8 days; on the contrary, the levels of anti-inflammatory factors (IL-4 and IL-10) increased, and the levels of pro-inflammatory factors (TNF- α and IL-6) decreased in rats pretreated with PA-MSHA every other day for 16 days. The survival rate of rats pretreated with 0.5ml PA-MSHA for 8 days (91.7%) was higher than that of rats pretreated for 16 days (41.7%) and that of rats without pretreatment (33.3%). The results are related to the regulation of inflammatory mediators and the induction of hyporeactivity to endotoxin by PA-MSHA. Binding Gram-negative bacterial endotoxin (such as LPS) to TLR-4 triggers a signal transduction cascade. Similar to LPS, PA-MSHA can also activate immune response through signal transduction mediated by Toll-like receptors, and endotoxin tolerance can be induced by PA-MSHA pretreatment. Endotoxin tolerance may have a protective effect in the early stage of sepsis. However, long-term tolerance may lead to immunosuppression in the late stage of sepsis and increase the risk of nosocomial infection and subsequent death. This study suggests that accurate control of the dose and time of PA-MSHA administration can effectively improve the survival rate of CLP rats. In this study, the patients in the treatment group showed an increased inflammatory response, similar to the level of pro-inflammatory factors (TNF- α and IL-6) in the 8-day pretreated mice such as Zhu, H (55). It can be speculated that PA-MSHA may play a specific role in preventing and treating sepsis. However, it is only a preliminary study, and its mechanism and value need to be further studied.




4.3.2 CD4+CD8+ double-positive T cell

Immunotherapy methods emerge endlessly with the in-depth study of immune mechanisms, but most still need to be mature. In this study, it was found that PA-MSHA injection had a positive effect on the immunity of patients before the operation. After treatment with PA-MSHA before PCNL, the number of peripheral CD4+CD8+DPT cells in the treatment group was higher than that in the control group, and the difference was statistically significant. With peripheral CD4+CD8+DPT cells as protective immune cells, it can be inferred that PA-MSHA has an immunomodulatory and protective effect on PCNL patients with infection.

CD4+CD8+ double-positive T cells (CD4+CD8+double positive T cells, CD4+CD8+DPT) were previously widely believed to be a crucial stage in developing T cells in the thymus and differentiate into CD4+ or CD8+ cells mediated by transcription factors ThPOK or Runx3 (56). At present, little is known about the function, function, and biological significance of peripheral CD4+CD8+DPT cells. In recent years, it has been found that CD4+CD8+DPT cells found in blood and peripheral lymphoid tissue, CD4+T cells, CD8+T cells, and thymus may be its sources, as mature subsets and conventional CD4+T cells and CD8+T cells and exist in the periphery (57, 58). Through single-cell RNA sequencing, scholars found that in terms of functional gene expression, circulating CD4+CD8+DPT cells had not only the characteristics of immature cells but also had the characteristics of helper cells, regulatory cells, cytotoxic cells, and congenital-like cells, showing more functions than single CD4+ and CD8+T cells (58). In response to Mycobacterium tuberculosis infection, peripheral CD4+CD8+DPT cells have both pro-inflammatory and anti-inflammatory effects, expressing more cytolytic markers (CD107a, granzyme B, and perforin), Th1 type cytokines (TNF, IL-2, IFN- γ), Th17 type cytokines, IL-10 (59). It has been found that peripheral CD4+CD8+DPT cells are likely to play a role in protective immunity in animals (60–62). In addition, peripheral CD4+CD8+DPT cells express immune memory markers, which can produce rapid Th1 response and cytotoxic response to previously infected or highly replicated persistent infected viruses, antigens, and vaccines (58, 63). In patients with acquired immunodeficiency syndrome (acquired immunodeficiency syndrome, AIDS), it has been found that CD4+CD8+DPT cells can make multiple immune responses to HIV antigens to suppress HIV, which is an essential part of AIDS-specific cellular immune response (64). The DPT cells shared the similar characteristics with cytotoxic T cells (CTL) and exerted an anti-viral role in HFRS (65).

It is also found that CD4+CD8+DPT cells may play a vital role in the production of autoantibodies in systemic lupus erythematosus (66). The proportion of DPT cells could be a potential marker to evaluate Lupus nephritis susceptibility (67). However, its negative effects were found in some studies. One study found that reveals human DPTs as a T cell population directly involved with graft-versus-host disease (GVHD) pathology (68). Expansion of DPT cells is associated with joint damage and frequent escalation of therapy, possibly suggesting a contribution to more severe rheumatoid arthritis (69).





4.4 Changes of immune function before and after PCNL

People with immune system defects are vulnerable to severe and even life-threatening infections, which fully illustrates the importance of a complete immune system to overall health. The causes of immunodeficiency can be divided into congenital and acquired. Congenital immunodeficiency mainly refers to the developmental dysfunction of T cells and B cells, acquired immunodeficiencies include HIV infection, iatrogenic (post-organ transplant) immunosuppression, surgery, and trauma (70), and anesthetic medications may affect the immune response by regulating neurohumoral responses to immunoreactive cells (71). The analgesic medications sufentanil and remifentanil used in this study belong to opioids. One of the potential side effects of opioids is that they affect the immune system. Some studies have shown that opioids can induce the immunosuppression of the adaptive immune system and innate immune system and the destruction of the mucosal barrier. However, its effect is more evident in animals (72). Anesthesia, pain, surgical stress, tissue damage, blood transfusions, and invasive microorganisms can stimulate patients to produce complex immune responses that increase the susceptibility to postoperative infection (71, 73). The degree of lymphocyte inhibition is related to the complexity of the operation or the severity of the injury. The degree of lymphocyte inhibition was associated with subsequent infection complications and mortality (74).

In this study, the percentage of CD3+T cells, immunoglobulin, and complement decreased in the control group after the operation; on the contrary, the percentage of NK cells and NKT cells increased, which was similar to the immune changes observed during subarachnoid surgery, hemorrhage, and cardiac surgery (13, 75). It is suggested that anesthesia and surgical injury may lead to the activation of the innate immune system and the inhibition of the acquired immune system. Albertsmeier M. et al. (76) also proposed that in the early stage after traumatic surgery, although antigen-presenting cells were continuously activated, the function of T lymphocytes was suppressed. In the treatment group, CD4+CD8+DPT cells increased, immunoglobulin and complement decreased, and no similar immune changes were observed in CD3+T cells, NK cells, and NKT cells. However, there was no statistical difference between the two groups after the operation, so it can not be considered the effect of PA-MSHA medications.




4.5 Limitations and deficiencies of research

This study’s main limitation lies in its retrospective study design of a single institution, which may have potential bias. Sepsis is one of the outcome indicators, but its incidence is low, and an ideal result has not been obtained. More clinical samples and data need to be collected in later studies to find more valuable conclusions.

PA-MSHA injection belongs to the type of vaccine which plays a role by stimulating the immune response. However, its mechanism and the choice of treatment time still need to be further studied.





5 Conclusion

This study found that patients with upper urinary tract calculi are complicated with infection treated with PA-MSHA based on antibiotics before percutaneous nephrolithotomy, which may play a specific role in preventing and treating sepsis. However, its mechanism and mechanism and value need to be further studied. The percentage of double-positive T cells in peripheral blood increased after PA-MSHA treatment, which may have an immunomodulatory and protective effect on PCNL patients with calculi complicated with infection. PCNL surgery and anesthetic trauma may inhibit some of the patients’ cellular and humoral immune functions.
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11.78[7.38,14.495]
33378 + 2.45798
16.5(12,25.65)
32(1.75,5.7)
1.36(1.085,2.015]
102713 + 3.99802
1.68(1.28,2.165]
0.83[0.645,1.05]
0.8153 + 0.15302

0.1918 + 0.05348

67.8657 + 10.18144
37.1030 + 5.57091
26.1057 + 8.61998
6.08(4.655,8.435]
06673 + 0.51074
10.43(8.125,14.355)
27217 + 1.70340

18.1[14.9,26.05]
4[2.85,5.25)
157(1.115,2.01]

13.0169 + 2.64993

2.5[1.945,3.14]
1.05[0.76,1.46]
09766 + 0.15939

0.2503 + .06573

66.099 + 1239672
36.0314 + 8.64461
25.6229 + 920195
6.17(5.08,7.765)
11755 + 134047
10.08[7.16,13.55]
2.9969 + 2.9969
19.2[15.5,28.1)
3.6[1.9,5.15]
1.6[1.015,2.03]
103074 + 2.06988
1.86[1.42,2.535]
0.86[0.655,1.255]
08531 + 0.13554

0.206 + .06852

The units of items in the lymphocyte subpopulation test are % except for CD4+/CD8+; the units of the five immunoglobulin items are mg/L except for IgG units which are g/L.
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OEBPS/Images/table2.jpg
Control group Treatment group

Project (n=55) (n=35) P value
age(yr),mean + SD 50.09 + 9.49 50.57 £ 7.4 0.8
gender (%) Woman 18 (32.7) 14 (40.0) [ 0.634
‘ ‘ Man 37 (67.3) 21 (60.0) v
‘ BMI,mean + SD 23.97 + 345 2421 £2.99 0.735
‘ stone diameter (cm),median [IQR] 22 [1.6,29] 2.3 [1.8,2.96] 0.303
‘ Urine leukocyte count without antimicrobial therapy (/uL),median [IQR] 2384 [124.2,742.15] 239.7 [119.5,801.15] 0.888
‘ positive urine cultures (%) 16(29.1) 11(31.4) 0.813
numbers of white blood cells (x10°/L),median [IQR] 6.48[5.62,7.645] 6.81[5.705,7.85] [ 0.495
‘ 1L-6(pg/ml), median [IQR] 2.58(1.49,6.545] 5.11[2.41,6.97] 0.076
‘ PCT(ng/ml),median [IQR] 0.04[0.025,0.06) 0.04[0.025,0.06] 0.706
hs-CRP(mg/L),median [IQR] 3.53[1.095,8.43] 4.23(1.79,9.855] 0.387
creatinine (mol/L),median [IQR] 85.0 [74.5,105.5] 82.0 [72.0,101.0] 0.376

Days of preoperative antimicrobial therapy (d),median [IQR] 3[2.5,5] 4[3,5.5] 0.215
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24 h after surgery

Control group

Treatment group

(n=55) (n=35)
IL-6(pg/ml), median [IQR] 20.25[13.805,45.49] 26.37[17.955,85.59] 0.077
PCT(ng/ml),median [IQR] 0.05[0.03,0.07] 0.05(0.04,0.065) 0.643
‘ hs-CRP(mg/L),median [IQR] 1.5(0.785, 4.075] 4.54(2.695, 12.4] 0.000
SIRS(%) 6(10.9) 11(31.4) 0.015
‘ Sepsis (%) 0 0 -





OEBPS/Images/table3.jpg
pre-OP vs. post-OP Treatment group vs control group

Control group Treatment group Pre-operative Post-operative
CD3+T 0.013* 0.226 0.277 0369
CD4+T 0.099 0.434 0.269 0.835
CD8+T 0.099 0487 0.764 0714
DNT 0491 0.459 0.691 0.646
CD4+CD8+DPT 0305 0.017* 0.083 0.013*
B 0.175 0451 0.464 0487
NKT 0.048* 0.504 0.910 0.509
NK 0.011% 0516 0.075 0245
HLA-DR+T 0272 0417 0.474 0924
CD4+/CD8+ 0541 0.600 0.637 0947
1gG 0.000* 0.000* 0.446 0961
IgA 0.000* 0.000* 0.066 0.067
IgM 0.000* 0.000* 0.369 0396
complement C3 0000 0.000* 0.841 0236
complement C4 0.000* 0.000* 0.236 0.071

*The difference between each group was statistically significant (P<0.05).
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OEBPS/Images/table1.jpg
Control group Treatment group

Project (GEYE)) (n=42) P Value
age(yr),mean + SD 47.97 + 10.69 50.64 +7.72 0.159
gender (%) woman 23(31.5) 20(47.6) 0.129
man 50(68.5) 22(52.4)
BMILmean + SD 24.09 +3.57 24.34 +£3.36 0711
stone diameter(cm),median [IQR] 1.8 [1.5,2.7] 2.65[1.97,3.10] 0.003
creatinine(ttmol/L),median [IQR] 85.0[75.0, 100.0] 81.0[69.0, 94.0] 0.135
Urine leukocyte count without antimicrobial therapy(/uL),median 7[IQR] 210.3[112.8, 673.2] 274.3[125.85,1157.62] 0.111
positive urine cultures(%) 17(23.3) 14(33.3) 0.242
numbers of white blood cells(x10°/L),median [IQR] 6.51[5.65,7.89] 6.845(5.77,8.1425] 0.296
IL-6(pg/ml), median [IQR] 2.58(1.49, 8.5] 6.2[2.6775, 9.775] 0.036
PCT(ng/ml),median [IQR] 0.04[0.03,0.06] 0.045[0.03,0.0675) 0.526
hs-CRP(mg/L),median [IQR] 2.51[1.11,8.7) 4.455(2.315,12.5525] 0.156
Days of preoperative antimicrobial therapy(d),median [IQR] 3[2,5] 4[3,6] 0.160
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Treatment

group
n=11
Heart rate> 90 counts/minute 6 9
Body temperature>38°Cor < 36°C 4 9
PaCO,< 32 mmHg or respiration rate> 20 4 3

counts/minute

Peripheral Blood Leukocyte 1 6
Count>12x10/L or< 4x10°/L
Or immature cells> 10%
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