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Introduction: The aim of this study was to investigate the status of serum procalcitonin (PCT) in patients stung by wasps and evaluate the association between PCT levels and acute kidney injury (AKI).
Methods: Patients stung by wasps admitted to two tertiary hospitals between January 2017 and December 2020 were screened for enrollment. We evaluated serum PCT levels on admission in patients stung by wasps. The patients were divided into an AKI group and a non-AKI group. A logistic regression model was used to analyze the association between PCT status and AKI. The performance of PCT concentrations in predicting the occurrence of AKI was evaluated by the area under the receiver operating characteristic curve (AUROC).
Results: A total of 138 patients were enrolled, and 66 patients suffered AKI. PCT levels were elevated in 78.99% of patients stung by wasps. Nearly half of the patients (47.83%) developed AKI. PCT levels were correlated with creatinine levels on admission (r = 0.787, 95% CI: 0.713–0.844). PCT levels in patients with AKI were higher than those in patients without AKI (p < 0.001). After adjustment for covariates, PCT levels on admission were independently associated with AKI (OR: 1.575, 95% CI: 1.071–2.317, p = 0.021). The AUROC of PCT levels on admission was 0.837 (95% CI, 0.771–0.902, p < 0.001). A PCT level of 0.57 μg/L was the cutoff for maximizing the Youden index; the specificity was 79.45%, and the sensitivity was 73.43%.
Conclusion: Serum PCT levels may be a potential biomarker of AKI in patients stung by wasps.
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1 INTRODUCTION
Wasp sting is a common public health problem in tropical countries, particularly in rural areas of eastern and southern Asia (Bhuiyan et al., 2019). Recently, wasp sting is becoming an emerging problem in other countries such as in Europe and America, because wasp incursions are increasing in the global change scenario (Herrera et al., 2020). The wasp sting could lead to life-threatening multiple organ dysfunction including intravascular hemolysis, rhabdomyolysis, clotting abnormality, acute kidney injury (AKI), and liver dysfunction (Ambarsari et al., 2019). AKI is the prominent organ dysfunction occurring in more than half of the patients (Yuan et al., 2020). Notably, the development of AKI significantly increases the risk of mortality in patients with wasp sting (Tang et al., 2022). The mortality of patients with AKI was highly as 50% (Vikrant and Parashar, 2017).
Until now, the mechanism of wasp sting-induced AKI is not clear. Intravascular hemolysis and rhabdomyolysis had been considered as the causes of wasp sting-induced AKI (Thiruventhiran et al., 1999). However, recent studies have revealed that the inflammatory response plays an important role in the development of AKI among patients with wasp sting. The inflammatory response in the kidney mediated by the stimulator of interferon genes (STING) signaling pathway prompts wasp venom-induced kidney injury (Lv et al., 2023). Another study revealed that phospholipase A2 (PLA2), a component of wasp venom, could induce renal tubular epithelial cell apoptosis by the complement mediated mitochondrial apoptosis pathway to cause AKI via activation of the TNF-α/NF-κB signaling pathway (Tang et al., 2023).
Currently, treatments for AKI are still disappointing. Early identification of patients at high risk of AKI is very important in the overall management of AKI. However, there are few studies on the prediction of AKI among people who are stung by wasps. Serum procalcitonin (PCT), a quick-response biomarker of inflammation, is readily available in most hospitals. We hypothesize that PCT may be helpful in predicting AKI caused by wasp stings. In the present study, we investigated PCT levels in patients stung by wasps and evaluated the association between the PCT levels and development of AKI in patients with wasp stings.
2 MATERIALS AND METHODS
This was a prospective observational study conducted in two tertiary hospitals, located in western China. The two hospitals serve a population of more than 30 million people. All adult wasp sting patients admitted to the two hospitals from January 2017 to December 2020 were screened for enrollment. The Ethics Committee of West China Hospital of Sichuan University approved this study. Patients included in the study all provided informed consent. All procedures were in compliance with the Declaration of Helsinki. The criteria for exclusion were as follows: age <18 years; patients who had been diagnosed with AKI in other hospitals before referral; patients who had a history of chronic kidney disease (CKD); and refusal to participate in the study.
Data including demographic data (age, sex, etc.) were collected on admission. Medical history of hypertension, diabetes and CKD was also collected on admission. Blood samples will be collected upon admission for laboratory tests, including hemoglobin (Hb), serum creatinine, white blood cell (WBC) count, and PCT. The patients will be followed up until death during the hospital stay or hospital discharge. Serum creatinine values and urine information within 7 days following admission were collected for the identification of AKI. Clinical characteristics, including the development of AKI during hospital stay, length of hospital stay, hospital mortality, ICU admission, etc., were also collected. A PCT level higher than 0.05 μg/L was considered to indicate an increased level.
The primary outcome of this study was the development of AKI during the entire hospital stay. AKI is defined as an abrupt decrease in kidney function within 7 days, which is determined by a decrease in urine or an increase in serum creatinine within a specific time, in accordance with the Kidney Disease: Improving Global Outcomes (KDIGO) clinical practice guidelines (Kellum et al., 2012). The classification for AKI is as follows: stage 1, increase in serum creatinine level to ≥26.5 μmol/L within 48 h or increase in serum creatinine level by 1.5–1.9 times the baseline within 7 days; stage 2, increase in serum creatinine level by 2.0–2.9 times the baseline within 7 days; and stage 3, increase in serum creatinine level by ≥ 3.0 times the baseline, or increase in serum creatinine level to ≥353.6 μmol/L with either increase to ≥26.5 μmol/L within 48 h or increase ≥50% from baseline within 7 days, or initiation of renal replacement therapy. The baseline serum creatinine concentration was measured at the time of admission.
Statistical analyses were conducted by using SPSS 22.0 for Windows (SPSS Inc., Chicago, IL, United States). Continuous variables are presented as the means ± standard deviations (SDs) or medians with 25% and 75% quartiles (interquartile ranges, IQRs) as appropriate and were analyzed by using Student’s t-test or a nonparametric test (Mann‒Whitney U test). Categorical variables were expressed as counts or proportions and analyzed by using the chi-squared test or Fisher’s exact test. Correlation was evaluated by Pearson correlation or Spearman correlation, depending on the distribution of variables. Logistic regression analysis was used to evaluate the association between PCT and AKI. Variables with p < 0.10 in the univariate analysis were analyzed in the multivariable analysis. We analyzed the performance of PCT for predicting AKI by using receiver operating characteristic (ROC) curves. The Youden index was used to determine the optimal PCT value cutoff for AKI.
3 RESULTS
There were a total of 147 wasp sting patients during the study period. Nine patients were excluded: 5 patients were younger than 18 years, 2 had CKD and 2 had AKI on admission. One hundred thirty-eight patients were ultimately enrolled. The mean age of the population was 62.34 ± 12.93 years (Table 1). More than half of the patients were men (53.62%). The median (IQR) PCT level was 1.30 (0.46, 3.89) μg/L. One hundred nine patients (78.99%) had elevated PCT concentrations. The median length of time between wasp sting and hospitalization was 7.0 h (IQR, 5.0–10.50 h). The median length of hospital stay was 14.0 (6.0, 26.0) days. There were 66 (47.83%) patients who developed AKI during their hospital stay: 21 suffered stage 1 AKI, 5 patients had stage 2 AKI and 40 had stage 3 AKI. The mortality of the study population was 6.52%.
TABLE 1 | Characteristics of 138 patients with wasp stings.
[image: Table 1]Figure 1 shows the distribution of AKI in patients with different PCT levels. The incidence of AKI increased with increasing serum PCT levels. The rate of AKI was 6.9% in patients with normal PCT levels, 35.7% in patients with PCT levels of 0.05–0.5 μg/L, 47.6% in patients with PCT levels of 0.5–1.0 μg/L, 84.8% in patients with PCT levels of >1 μg/L. In addition, the incidence of stage 3 AKI was also highest in patients with PCT levels of >1 μg/L, with a rate of 60.9%. Figure 2 shows the correlation between PCT levels and creatinine levels on admission. PCT levels were strongly correlated with creatinine levels, with r = 0.787 (95% CI 0.713–0.844, p < 0.001).
[image: Figure 1]FIGURE 1 | Distribution of AKI in patients with different PCT levels.
[image: Figure 2]FIGURE 2 | Correlation between PCT levels and creatinine levels on admission (r = 0.787, 95% CI 0.713–0.844, p < 0.001).
A comparison of characteristics on admission between the AKI group and the non-AKI group is shown in Table 2. The AKI group was significantly older than the non-AKI group (p = 0.002). The AKI group had higher serum PCT, WBC, and creatinine levels and lower hemoglobin levels. The elapsed time from sting to hospital admission was longer in the AKI group, but the difference was not significant (p = 0.067). The distributions of sex, hypertension, and diabetes were similar in the two groups. There were higher rates of ICU admission, ventilation, and death in the AKI group.
TABLE 2 | Comparison of the characteristics on admission between AKI group and non-AKI group.
[image: Table 2]In univariate analysis, age, sex, PCT, Hb, and WBC were associated with the development of AKI. In the multivariable logistic regression model, elevated PCT levels were independently associated with the development of AKI, with an odds ratio (OR) of 1.480 and a 95% confidence interval (CI) of 1.048–2.091. Elevated WBC counts were also independently associated with AKI, while lowered Hb values were associated with the development of AKI (Table 3).
TABLE 3 | Regression analysis of factors associated with AKI.
[image: Table 3]Figure 3 shows the predictive value of PCT, WBCs and Hb for predicting the development of AKI in wasp sting patients. The area under the receiver operating characteristic curve (AUROC) for PCT levels on admission for predicting AKI was 0.837 (95% CI 0.771–0.902), which was better than the AUROC for WBC count, 0.716 (95% CI 0.652–0.819). Hb had a poor performance with an AUC of 0.236 (95% CI 0.155–0.317). The optimal PCT cutoff point for AKI was 0.57 μg/L, and the sensitivity and specificity were 73.431% and 79.45%, respectively.
[image: Figure 3]FIGURE 3 | ROC curves of PCT and WBC for predicting AKI among patients with wasp sting. The AUC for PCT was 0.837 (95% CI 0.771–0.902), the AUC for WBC was 0.716 (95% CI 0.652–0.819), and the AUC for Hb was 0.236 (95% CI 0.155–0.317).
4 DISCUSSION
Wasp sting incidents are common worldwide. A large number of published studies have provided information on this public health problem (Xuan et al., 2010; Xie et al., 2013; Witharana et al., 2015; Costa et al., 2018). In this study, we showed elevated serum PCT levels in wasp sting patients. Serum PCT levels had a strong correlation with serum creatinine levels. High PCT levels were independently associated with the development of AKI.
In most cases, wasp stings can only cause local reactions, such as erythema, edema and pain. Usually, those individuals need no medical care and heal spontaneously. However, some people may manifest severe systemic reactions, including AKI, intravascular hemolysis, rhabdomyolysis, coagulopathy, and central nervous system damage (Przybilla and Rueff, 2012). Some individuals may even develop multiple organ dysfunction syndrome (MODS), which can lead to poor clinical outcomes (Vikrant et al., 2005; Grisotto et al., 2006). The hospital mortality rate in this study was 6.52%, which was similar to previous data (5.1%) reported in China (Xie et al., 2013). Among organ dysfunctions, AKI is an important complication and is associated with death (Grisotto et al., 2006; Xuan et al., 2010; Xie et al., 2013). Nearly half of the patients in this study developed AKI, similar to the incidence reported in a study in the Vietnamese population (58.5%) (Xuan et al., 2010), but much higher than the prevalence previously reported in a retrospective multicenter study of 1,091 patients in China (21.0%) (Xie et al., 2013). This may be partly explained by the fact that some of the patients were enrolled from 23 secondary care hospitals, while all patients in the current study came from two tertiary care hospitals.
AKI resulting from wasp stings is characterized by acute tubular necrosis, which can be caused by multiple factors (Grisotto et al., 2006). First, it is believed that renal hypoperfusion plays an essential role in this type of AKI. Components of wasp venom can lead to systemic arterial hypotension and renal vasoconstriction, which result in a reduction in renal blood flow and ischemic renal lesions (Silva et al., 2017). Second, the deposition of myoglobin and hemoglobin in renal tubules was reported by previous studies, suggesting that rhabdomyolysis and hemolysis may also contribute to AKI in wasp sting patients (Vanholder et al., 2000; Grisotto et al., 2006; Daher Ede et al., 2009). Third, venom has a direct toxic effect on kidney tubules (Grisotto et al., 2006). In addition, a previous study reported that age was associated with AKI (Coca, 2010). We also found an association between age and AKI in univariate analysis, but the association was not significant in the multivariable regression analysis.
In the current study, we provided the first evidence of a significant increase in serum PCT levels in the majority of wasp sting patients. As a biomarker of inflammation, PCT production can be stimulated by many disorders (infection, surgery, trauma, shock, burns, etc.). The serum PCT level rises rapidly within 2–6 h and peaks within 6–24 h (Vijayan et al., 2017). There are two main mechanisms for the increased production of PCT: 1) direct induction by lipopolysaccharides (LPSs) or other toxic metabolites from microbes and 2) indirectly induced by inflammatory factors such as tumor necrosis factor-alpha (TNF-α), interleukin-6 (IL-6), and interleukin-1 (IL-1) (Vijayan et al., 2017). Previous studies revealed that wasp stings could lead to an increased release of inflammatory cytokines, including serum TNF-α and IL-6 (Xia et al., 2006; Xie et al., 2013; Sun et al., 2018), which can stimulate the production of PCT in wasp sting patients. In addition, many studies have provided evidence that impaired renal function could result in an elevation of serum PCT concentrations (Amour et al., 2008; Heredia-Rodriguez et al., 2016), since renal dysfunction can reduce the elimination of PCT (Meisner et al., 2001).
We found that wasp sting patients who developed AKI had higher PCT levels than non-AKI patients. The association between serum PCT levels and AKI has been reported in previous studies. It was found that PCT can predict the development of AKI in a population with infection (Nie et al., 2013). In another study on critically ill patients, PCT level, as a continuous variable, showed an independent association with AKI (OR, 1.006; 95% CI, 1.000–1.011) (Chun et al., 2019). Moreover, in a retrospective study conducted in a multidisciplinary intensive care unit, a PCT level ≥10 ng/mL was recognized as a significant predictor of AKI in nonseptic patients (OR, 4.430; 95% CI, 1.464–13.399) (Jeeha et al., 2018). In our study, we also found an independent association between PCT levels and AKI. In addition, we found that PCT showed good performance in predicting AKI, with an AUROC of 0.837 (Murphy-Filkins et al., 1996). A PCT level of 0.57 μg/L was the optimal cutoff point for predicting AKI in wasp sting patients.
Our study has several limitations. First, the current study had a relatively small sample size. This makes it difficult to evaluate the relationship between admission PCT levels and hospital mortality. Second, this study was conducted in 2 tertiary hospitals, which may introduce a referral bias because of increased disease severity. In addition, variation in PCT levels during the entire hospital stay was unknown since patients only underwent PCT tests on admission. Sequential blood examinations may be helpful to further evaluate the response to treatment and prognosis of wasp sting patients.
5 CONCLUSION
In this study, we first revealed that serum PCT concentrations increased in wasp sting patients, and PCT levels on admission were independently associated with the development of AKI. Our findings suggest that PCT may be a potential biomarker of AKI in the population of people with wasp stings and may help clinicians recognize subgroups at high risk of developing AKI. However, further multicenter studies are needed to confirm these findings in a larger population.
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Abbreviations: PCT, procalcitonin; Hb, Hemoglobin; WBC, white blood cell counts; RRT, renal replacement therapy; AKI, acute kidney injury.
Data are presented as the mean + standard deviation, median (interquartile range), or number (percentage).
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