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Background: Hymenopteran stings (Apidae/Vespidae) represent critical emergencies frequently encountered during summer and
autumn seasons. These incidents can trigger localized inflammatory responses and severe systemic complications—including anaphy-
lactic shock, acute organ injury, and multi-organ dysfunction—potentially leading to death, especially in resource-limited areas. While
honeybee and wasp venom components (melittin/hyaluronidase vs kinins/phospholipase) and effects differ, potentially causing distinct
complications, this study develops a universal early risk prediction tool without differentiating bee species. Based on clinical and
simple lab indicators, it aims to help frontline providers optimize high-risk patient identification and intervention, reducing mortality
and healthcare burden.

Patients and Methods: We retrospectively analyzed 1124 hymenoptera sting patients from Shaanxi Provincial People’s Hospital
(2014-2023). After screening, 607 eligible patients were randomly divided into training (n=455) and validation (n=152) cohorts (3:1
ratio). Univariate and multivariate logistic regression identified severe complication independent risk factors, enabling nomogram
development. Its discriminative ability, calibration, and clinical utility were assessed using ROC curves, calibration plots, and DCA in
both cohorts.

Results: Severe complications occurred in 33 patients (5.44%): anaphylactic shock (9, 1.48%), acute kidney injury (4, 0.66%), acute
myocardial injury (6, 0.99%), multiple organ dysfunction (13, 2.14%), and coagulation dysfunction (1, 0.16%). Independent predictors
were: white blood cell count (OR=1.192, 95% CI: 1.099-1.293), systemic inflammatory response index (OR=1.046, 95% CI:
1.002—-1.093), and blood urea nitrogen (OR=1.374, 95% CI: 1.114-1.695). The nomogram achieved AUCs of 0.954 (95% CI:
0.926-0.982) in training and 0.985 (95% CI: 0.965-1.000) in validation cohorts. Calibration showed good agreement (Hosmer-
Lemeshow P > 0.05). DCA demonstrated significant clinical net benefit.

Conclusion: This study’s nomogram effectively predicts severe sting complication risk, serving as a practical tool for primary care
providers to identify high-risk patients early and improve decisions.

Keywords: hymenoptera stings, white blood cell count, systemic inflammatory response index, urea nitrogen, nomogram

Introduction
Hymenopteran stings, which are critical and acute conditions prevalent during the summer and autumn months, are
primarily caused by the injection of biotoxins through the stingers of insects belonging to the Apidae and Vespidae
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families. The clinical manifestations are predominantly local symptoms, characterized by severe pain, edema, and skin
necrosis at the sting site. Disease progression can lead to systemic inflammatory response syndrome (SIRS) and may
further result in organ dysfunction, including hemolysis, rhabdomyolysis, and acute kidney injury. In severe cases, this
condition may even progress to multiple organ failure or death."? In China, the majority of hymenopteran stings occur in
rural areas where medical resources are comparatively limited.®> Due to a lack of awareness regarding the severity of
stings and the associated risk of complications among primary healthcare institutions, patients frequently encounter the
risk of delayed diagnosis and treatment, which can exacerbate adverse outcomes.

The clinical management of Hymenoptera stings currently presents a dual challenge. On one hand, there is no
globally established consensus on specific diagnostic and therapeutic approaches for these stings. On the other hand,
existing assessment tools, such as the Sequential Organ Failure Assessment (SOFA) and the Acute Physiology and
Chronic Health Evaluation (APACHE II), while useful for risk stratification in critically ill patients, are primarily
designed to identify those at risk of deterioration in the ICU, and they lack early warning efficacy in primary care
settings* ® Consequently, there is an urgent need to develop a practical tool that can promptly assess the condition
and accurately predict severe complications arising from stings, enabling early intervention and optimizing treatment
strategies. This study aims to develop and validate a visual predictive model grounded in evidence-based medicine.
By integrating key clinical indicators, it offers scientific decision-making support for healthcare professionals,
particularly primary care workers, thus enhancing diagnostic and treatment efficiency and improving patient

prognosis.

Materials and Methods
Study Population

A retrospective analysis was conducted on 1124 patients with hymenopteran stings treated at the Medical Laboratory
Center of Shaanxi Provincial People’s Hospital (Xi’an, China) from April 2014 to October 2024, all of whom were from
the northwestern region of China. The inclusion criteria were as follows: (1) a diagnosis of hymenopteran stings based on
patient-reported history, clinical symptoms consistent with envenomation, and identification of the insect by either the
patient or the attending physician; (2) age > 18 years. The exclusion criteria were as follows: (1) age < 18 years; (2)
a previous history of severe cardiopulmonary disease, severe liver disease, renal insufficiency, malignancy, or immuno-
deficiency disorders; (3) patients with incomplete clinical data. This study adhered to the principles of the Declaration of
Helsinki.

Data Collection

This study primarily focuses on severe systemic complications that arise following Hymenoptera stings, including
anaphylactic shock, organ damage, and coagulation disorders. Study data were collected anonymously through the
electronic medical record system. To ensure data extraction accuracy, two trained researchers independently performed
data entry and verification. The specific workflow included: (1) developing detailed standardized data extraction
templates; (2) dual independent entry of clinical information within 24 hours of patient admission; (3) Cross-checking
was performed on the entered data; inconsistent entries and outlier data underwent re-verification, with consultation of
the original medical records when necessary or arbitration by a third researcher; (4) data locking after confirmation of
accuracy. Collected information included demographic information (patient ID, age, gender), number of stings (based on
the chief complaints and diagnosis results recorded in the medical records), the time interval from the sting to the visit,
and various laboratory indicators, such as white blood cell count (WBC), red blood cell count (RBC), hemoglobin (Hb),
neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), systemic immune-inflammation index (SII,
calculated as platelet count multiplied by the neutrophil-to-lymphocyte ratio), systemic inflammation response index
(SIRI, calculated as the product of neutrophil count and monocyte count divided by lymphocyte count), serum creatinine
(Cr), blood urea nitrogen (BUN), thrombin time (TT), prothrombin time (PT), activated partial thromboplastin time
(APTT), fibrinogen (Fib), and international normalized ratio (INR).
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Predictor Selection and Model Development

Using the R software (caret package), the final selected patients were randomly divided into a training cohort and
a validation cohort in a 3:1 ratio. A random seed (seed=123) was set to ensure reproducibility. The training cohort was
utilized to develop the nomogram prediction model, while the validation cohort was employed to evaluate this model.
Initially, univariate logistic regression analysis was performed to identify indicators associated with clinical endpoints
(P < 0.05). Subsequently, the results from the univariate logistic regression analysis were integrated into multivariate
logistic regression analysis, employing the forward stepwise regression method (Forward: LR) to select variables.
Variables with P < 0.05 in the multivariate logistic regression were deemed candidate predictive factors for modeling,
aimed at predicting the risk of severe complications in patients stung by Hymenoptera insects. Before constructing the
model, the collinearity of all candidate predictors was examined using linear regression analysis with variance inflation
factors. Based on the respective coefficients of the modeling predictors, a visual predictive model was constructed.

Model Validation and Evaluation

In the training and validation cohorts, we evaluated the discrimination, calibration, and clinical utility of the nomogram
prediction model. The receiver operating characteristic (ROC) curve was utilized to analyze the model’s discrimination,
and the area under the curve (AUC), equivalent to the C-index, was quantified. We calculated sensitivity, specificity,
predictive values, and likelihood ratios based on the optimal cutoff value. The Hosmer-Lemeshow goodness-of-fit test
was employed to assess calibration, and calibration curves were plotted to demonstrate visually the agreement between
predicted and observed outcomes. Given that the use of nomograms for predicting the prognosis of stung patients
inevitably involves false positives and false negatives, we employed decision curve analysis (DCA) to determine clinical
utility.”

Statistical Analysis

Continuous variables exhibiting a nonnormal distribution were presented as median (interquartile range) and analyzed
using the nonparametric Mann—Whitney U-test. Categorical variables were reported as counts (percentages) and
compared using the chi-square test. Variables with more than 25% missing values were excluded, while the remaining
missing values were addressed using the multiple imputation method. A bilateral p-value of less than 0.05 was deemed
statistically significant. All statistical analyses were conducted using R software (version 4.2.3; https://www.R-project.

org). The R software package and code are available for download at https://mirrors.tuna.tsinghua.edu.cn/CRAN/.

Results

Demographic and Clinical Characteristics

The selection of the study population is illustrated in Figure 1. A total of 607 patients who were stung by Hymenoptera were
included in this study, with a median age of 45.00 years (interquartile range: 31.00 to 58.00). Among these patients, 368 were
male, representing 60.63% of the cohort. Severe complications developed in 33 cases (5.44%) following the sting, which
included 9 cases of anaphylactic shock (1.48%), 4 cases of acute kidney injury (0.66%), 6 cases of acute myocardial injury
(0.99%), 13 cases of multiple organ dysfunction (2.14%), and 1 case of coagulation dysfunction (0.16%). In the training
cohort, 24 patients experienced severe complications, yielding an incidence rate of 5.27%. Conversely, in the validation cohort,
9 patients had severe complications, resulting in an incidence rate of 5.92%. The comparative results of clinical and
demographic characteristics between the training group and the validation group are presented in Table 1. No significant
differences were observed in the baseline data between the two patient groups (P > 0.05).

Screening of Independent Risk Factors and Model Predictors

Univariate logistic regression analysis revealed that age, number, RBC, Hb, WBC, NLR, PLR, SIRI, SII, Cr, BUN,
APTT, TT, PT, and INR were associated with severe complications in patients with stings, as shown in Table 2. In
contrast, multivariate logistic regression analysis indicated that only WBC (OR=1.192, 95% CI: 1.099-1.293), SIRI
(OR=1.046, 95% CI: 1.002-1.093), and BUN (OR=1.374, 95% CI: 1.114-1.695) were independent risk factors for
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Patients clinically diagnosed with bee sting injuries (n=1124)

Excluded (n=517)

1. Age < 18 years (n=180)

2. Patients without laboratory tests (n=336)
3. Patients with chronic kidney disease (n=1)

A 4 v

Training cohort (n=455) |«

Validation cohort (n=152)

A 4

Candidate modeling predictors selection Validation and evaluation of nomogram prediction model

1. Intergroup comparisons 1. Calibration: Hosmer-lemeshow goodness-of-fit test and calibration plot
Discrimination: ROC analysis (AUC, sensitivity, specificity, Youden's index.)
Clinical utility: decision curve analysis (DCA)

A

2. Logistic regression analysis 2
3. Collinearity diagnostic 3

Construction and Development of the Nomogram Prediction Model
= Multivariate logistic regression with a forward stepwise method
(probability for stepwise selection: predictor entry P<<0.05, predictor removal P>0.1)

Figure | Flow chart of patient enroliment and model development and validation.

severe complications in these patients, as detailed in Table 3. Collinearity diagnostics showed no significant colli-
nearity among WBC, SIRI, and BUN (Supplementary Table 1); therefore, all three were identified as candidate
predictors for the model.

Construction of Traditional and Dynamic Nomograms

The final predictive model was developed based on three independent predictors: WBC, SIRI, and BUN, and it is
visualized in the form of a nomogram, as shown in Figure 2. The calculation of the risk of severe complications from
hymenopteran stings involves three steps. First, draw a perpendicular line from the axis of each predictor to the “Points”

Table | Baseline Characteristics of Patients with Complication in the Training and Validation Cohorts

Baseline Characteristics Number Overall Patients Training Cohort Validation Cohort b4 P-value
(%) of Missing Values (n=607) (n=455) (n=152)
Gender (n, %) 0 (0%) 2265 0.132
Male 368 (60.63) 268 (58.90) 100 (65.79)
Female 239 (39.37) 187 (41.10) 52 (34.21)
Age, years 0 (0%) 45.00 (31.00, 58.00) 46.00 (31.00, 58.00) 43.50 (31.25, 56.00) -0.785 0.432
Complication (n, %) 0 (0%) 0.093 0.761
Yes 33 (5.44) 24 (5.27) 9 (5.92)
No 574 (94.56) 431 (94.73) 143 (94.08)
Time of sting 0 (0%) 0.079 0.779
< 24h 523 (86.16) 391 (85.93) 132 (86.84)
> 24h 84 (13.84) 64 (14.07) 20 (13.16)
Number of sting 0 (0%) 0.007 0.934
<2 405 (66.72) 304 (66.81) 101 (66.48)
22 202 (33.28) 151 (33.19) 51 (33.52)
(Continued)
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Table | (Continued).

Baseline Characteristics Number Overall Patients Training Cohort Validation Cohort b4 P-value
(%) of Missing Values (n=607) (n=455) (n=152)
WBC 23 (3.79%) 8.54 (6.65, 11.77) 8.50 (6.73, 12.11) 8.77 (6.59, 11.33) -0.215 0.830
RBC 23 (3.79%) 4.71 (431, 5.08) 4.73 (4.32, 5.08) 4.68 (4.30, 5.10) —-0.173 0.863
Hb 23 (3.79%) 145.00 (132.00, 158.00) 145.00 (133.00, 157.00) 144.50 (129.25, 159.75) -0.573 0.567
NLR 23 (3.79%) 3.31 (2.04, 7.07) 3.35 (2.08, 6.90) 3.13 (1,97, 7.57) —0.048 0.961
PLR 23 (3.79%) 128.67 (95.15, 182.39) 128.68 (94.59, 179.10) 127.95 (97.73, 191.40) —0.861 0.389
SIRI 23 (3.79%) 1.75 (1.02, 3.69) 1.78 (1.04, 3.70) 1.55 (0.92, 3.69) —-0.798 0.425
NI 23 (3.79%) 721.54 (448.00, 1498.29) | 716.84 (454.87, 1447.30) | 730.15 (438.18, 1865.06) | —0.477 0.634
Cr 116 (19.11%) 65.00 (54.00, 77.30) 65.00 (54.00, 77.30) 62.95 (53.00, 77.23) —0.734 0.463
BUN 116 (19.11%) 5.56 (4.47, 6.62) 5.59 (4.58, 6.68) 5.35 (4.19, 6.49) —-1.326 0.185
APTT 145 (23.89%) 28.60 (25.50, 33.40) 28.70 (25.40, 33.60) 28.40 (25.80, 32.60) —0.286 0.775
TT 144 (23.72%) 18.00 (17.10, 19.10) 18.00 (17.10, 19.10) 18.00 (17.20, 19.20) -0.229 0.819
PT 144 (23.72%) 12.00 (11.20, 13.10) 12.00 (11.20, 13.10) 12.10 (11.25, 13.18) -0.570 0.568
Fib 145 (23.89%) 2.62 (2.15, 3.16) 261 (2.14, 3.12) 263 (2.17, 3.24) —0.638 0.524
INR 144 (23.72%) 0.99 (0.94, 1.06) 0.99 (0.94, 1.06) 0.97 (0.93, 1.06) —1.245 0.213

Abbreviations: WBC, White Blood Cell Count; RBC, Red Blood Cell Count; Hb, Hemoglobin; NLR, Neutrophil-to-Lymphocyte Ratio; PLR, Platelet-to-Lymphocyte Ratio;
SIRI, Systemic Inflammation Response Index; SlI, Systemic Immune-Inflammation Index; Cr, Creatinine; BUN, Blood Urea Nitrogen; APTT, Activated Partial Thromboplastin
Time; TT, Thrombin Time; PT, Prothrombin Time; Fib, Fibrinogen; INR, International Normalized Ratio.

Table 2 Risk Factors Associated with Severe Complications in Patients

with Bee Sting Injuries

Variables SE P-value OR 95% CI
Sex 0.557 | 0.421 0.186 1.746 0.764-3.986
Age 0.047 | 0.015 0.001 1.048 1.019-1.079
Time 0.143 | 0.632 0.821 1.154 0.334-3.987
Number 2.153 | 0513 | <0.001 8.608 3.147-23.543
WBC 0.234 | 0.034 | <0.001 1.264 1.182-1.352
RBC —1.057 | 0.376 0.005 0.347 0.166-0.726
Hb —0.026 | 0.011 0.024 0.975 0.953-0.997
NLR 0.045 | 0.016 0.004 1.046 1.015-1.079
PLR 0.002 | 0.001 0.027 1.002 1.000-1.004
SIRI 0.123 | 0.020 [ <0.001 1.131 1.088-1.176
Sl 0.000 | 0.000 [ <0.001I 1.000 1.000-1.000
Cr 0.036 | 0.009 [ <0.001 1.037 1.019-1.055
BUN 0514 | 0.099 | <0.001I 1.671 1.376-2.029
APTT 0.032 | 0.008 | <0.001 1.033 1.017-1.049
TT 0.589 | 0.124 | <0.001 1.803 1.413-2.301
PT 0.584 | 0.148 | <0.001 1.794 1.342-2.399
Fib 0.283 | 0.282 0315 1.327 0.764-2.306
INR 8424 | 1.906 | <0.001 | 4555.053 | 108.609-191,038.179

Abbreviations: WBC, White Blood Cell Count; RBC, Red Blood Cell Count; Hb,
Hemoglobin; NLR, Neutrophil-to-Lymphocyte Ratio; PLR, Platelet-to-Lymphocyte Ratio;
SIRI, Systemic Inflammation Response Index; SlI, Systemic Immune-Inflammation Index; Cr,
Creatinine; BUN, Blood Urea Nitrogen; APTT, Activated Partial Thromboplastin Time; TT,
Thrombin Time; PT, Prothrombin Time; Fib, Fibrinogen; INR, International Normalized Ratio.

axis to obtain the points for each predictor. Second, sum the points of all predictors to obtain the total score. Third, draw

a perpendicular line from the “Total Points” axis to the “Risk” axis to determine the probability of severe complications

from hymenopteran stings.
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Table 3 Independent Risk Factors for Severe Complications
Associated with Bee Sting Injuries

Variables B SE P-value OR 95% CI
WBC 0.176 | 0.042 | <0.001 1.192 | 1.099-1.293
SIRI 0.045 | 0.022 0.042 1.046 | 1.002—1.093
BUN 0318 | 0.107 0.003 1.374 | 1.114-1.695
Intercept -8.059 | 1.019 | <0.00I 0.000

Abbreviations: WBC, White Blood Cell Count; SIRI, Systemic Inflammation
Response Index; BUN, Blood Urea Nitrogen.

Validation of the Nomogram

In both the training and validation cohorts, the nomogram demonstrated strong agreement between predicted probabilities
and observed outcomes, with calibration curves closely approximating the diagonal, as illustrated in Figures 3A and B.
The Hosmer-Lemeshow test confirmed acceptable calibration for both cohorts, with all P-values exceeding 0.05 in the
aforementioned bidirectional cohorts (training cohort: 0.884, validation cohort: 0.336). The nomogram exhibited
excellent discriminative ability, achieving an AUC of 0.954 (0.926-0.982) in the training cohort and 0.985 (0.965-1.000)
in the validation cohort, as depicted in Figure 4A and B. The sensitivity and specificity of the nomogram for predicting
adverse reactions to hymenopteran stings both exceeded 82% in the training cohort and surpassed 92% in the validation
cohort, as shown in Table 4. Furthermore, DCA curves were plotted for both cohorts to evaluate the clinical utility of the
predictive model. The DCA results indicated that the nomogram provides a high clinical net benefit, as illustrated in
Figure 5A and B.

Discussion

This study utilized real-world data to analyze the clinical characteristics of 607 patients with hymenopteran stings in the
northwestern region of China. It identified three independent risk factors, WBC, SIRI, and BUN, to construct

Points

0 20 40 60 80 100

BUN** \

WBC*** /—\

SIRI*

Total points

0 50 100 150 200

00716y |
17 0.007 0035 02 06 09 0985 0.998

Pr( Complicatiorb )0. 0

Figure 2 Traditional nomogram prediction model. Asterisks indicate statistical significance levels: ¥P<0.05, **P<0.01, ***P<0.001; Red-highlighted values on variable axes
illustrate an example: A patient with blood urea nitrogen (BUN) of 7, white blood cell (WBC) of 4, and systemic inflammation response index (SIRI) of 2 would receive
a total score of 28.1, corresponding to a predicted probability of severe complications of 0.716%.
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Figure 3 Calibration curves of the predictive model. (A) Training cohort; (B) Validation cohort.
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Figure 4 ROC curve of the predictive model. (A) Training cohort; (B) Validation cohort.

a nomogram prediction model for intuitive visualization and clinical application. The nomogram demonstrated excellent
discriminative ability for severe complications in both the training and validation cohorts, with AUC values of 0.954 and
0.985, respectively, and showed good calibration, as indicated by Hosmer-Lemeshow test P-values of 0.884 and 0.336.
Additionally, DCA further indicated that the nomogram provides a significant clinical net benefit. This model is expected
to serve as a tool for early management and decision-making in cases of hymenopteran stings.

This study reveals that the risk of severe complications following Hymenoptera stings is significantly positively
correlated with WBC count and SIRI. Specifically, for each unit increase in WBC and SIRI, the risk of complications
rises by 19.2% and 4.6%, respectively. These findings are highly consistent with those of previous studies.®” Bee venom
is a complex toxin composed of various enzymes and bioactive substances, including melittin, phospholipase A2,
hyaluronidase, histamine, and apamin.'” It has been shown to induce a series of pathological changes, such as
inflammatory reactions, cell membrane lysis, intravascular hemolysis, and rhabdomyolysis.'""'? Additionally, bee
venom can activate various inflammatory mediators,"* including tumor necrosis factor-a (TNF-a), interleukin-1 (IL-1),
interleukin-6 (IL-6), and interleukin-8 (IL-8), thereby promoting the development of systemic inflammatory response
syndrome (SIRS)."*'3 It is noteworthy that substances produced during secondary hemolysis, including heme, ferrous

Journal of Inflammation Research 2025:18 hetps: 11089



Guan et al

Table 4 Predictive Performance of the Nomogram

Assessment Indicators Training Cohort (n=455) | Validation Cohort (n=152)
Hosmer-Lemeshow P-value 0.884 0.336
Cut-off value —3.604 —2.664

AUC (95% Cl) 0.954 (0.926-0.982) 0.985 (0.965—1.000)
Youden’s index 0.78 0.92
Sensitivity (%) 95.83 100.00
Specificity (%) 82.37 9231
Positive predictive value (%) 23.23 45.00
Negative predictive value (%) 99.72 100.00
Positive likelihood ratio 543 13.00
Negative likelihood ratio 0.05 0.00

heme, and oxygen free radicals, along with abnormalities in the body’s lipid metabolism, can further exacerbate the
inflammatory response.'® However, hymenopteran stings frequently occur in rural areas of developing countries, where
primary healthcare resources are limited. Consequently, indicators such as white blood cell (WBC) counts and the
Systemic Inflammatory Response Index (SIRI), derived from routine blood tests, are crucial for timely diagnosis and
treatment in these resource-constrained regions due to their simplicity, rapidity, cost-effectiveness, and objectivity.
This study further reveals the strong predictive value of BUN for acute kidney injury (AKI) following stings
(OR=1.374). Although only four patients met the diagnostic criteria for AKI, it is noteworthy that all 13 patients with
multiple organ dysfunction exhibited varying degrees of renal injury, indicating that renal function impairment accounts
for 51.5% of severe complications (17/33). This suggests that the kidneys are among the most vulnerable target organs
following Hymenoptera stings. Phospholipase A2 (PLA2) in bee venom, as one of the core toxic components, mediates
renal injury through multiple pathways. PLA2 can hydrolyze the phospholipid structure in cell membranes, leading to the
loss of membrane integrity and exerting toxic effects. When it acts on renal tubular epithelial cells, it can induce direct
renal cell toxicity. Furthermore, when it interacts with muscle cells and red blood cells, it can induce rhabdomyolysis and
intravascular hemolysis, which leads to the release of myoglobin and free Hb.!” This, in turn, exacerbates renal injury
through mechanisms such as cast obstruction and oxidative stress.'®'® The study also found that phospholipase A2 can
exert its hemolytic effect and promote erythrocyte lysis only in the presence of melittin; therefore, it is referred to as an
“indirect hemolytic toxin”.?® Additionally, bee venom triggers a cascade reaction by activating the three pathways of the
complement system: the classical pathway, the alternative pathway, and the lectin pathway. This activation exacerbates
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Figure 5 DCA curve of the predictive model. (A) Training cohort; (B) Validation cohort.

https: Journal of Inflammation Research 2025:18

11090



Guan et al

the pathological processes in the kidney through a combination of a pro-inflammatory cytokine storm and severe allergic
reactions.”’

Clinicians can utilize three independent risk factors—WBC, SIRI, and BUN—for early risk management in patients. For
patients identified with a higher predicted risk, heightened vigilance regarding disease progression is warranted. It is
recommended to closely monitor vital signs, urine output, and laboratory parameter changes. Renal replacement therapy
(RRT) or transfer to the ICU should be initiated promptly if necessary. Concurrently, considering the mechanisms of
inflammatory response and renal injury induced by bee venom, it is advised to proactively administer supportive treatments
during the early stages. These include anti-inflammatory therapy, fluid resuscitation, and urine alkalization to mitigate organ
damage. Furthermore, other studies have confirmed that*>? factors such as age, gender, number of stings, platelet count, and
severity of poisoning scores are closely associated with severe adverse reactions following Hymenoptera stings.”**’
However, this study did not observe significant associations among the aforementioned variables, which may be attributed
to several factors. Firstly, the heterogeneity of the study population—such as the concentration of this cohort in a specific
region, along with variations in genetic background, baseline health status, or the timeliness of medical interventions
compared to other studies—may play a role.’**” Secondly, key variables, such as the number of stings, are derived from
retrospective medical records, which may introduce information bias. Furthermore, potential confounding factors, including
differences in bee species and the timeliness of emergency measures, were not adequately adjusted for.

This study presents several limitations. First, while it included 602 patients, the sample was restricted to a single medical
institution in Northwest China. Additionally, subgroup analyses based on bee species (eg, bees versus wasps) or stinging
seasons were not performed, which may limit the model’s applicability across different populations and seasons. Second, as
a retrospective study, certain key variables—such as the site of the sting, specific IgE levels to bee venom, and the patient’s
immune status—were excluded from the analysis due to incomplete electronic medical records, potentially omitting
important predictors. Third, the model did not incorporate dynamic data, such as changes in laboratory indicators over
time. Given that the development of complications from Hymenoptera stings is time-dependent, relying on static predictions
may underestimate the risk of clinical deterioration. Finally, the ratio of the number of severe complications in the training
cohort (24 cases) to the number of final predictor variables was 8:1, which was slightly lower than the ideal standard (10:1).
This might to some extent affect the accuracy of the model parameter estimation. Although our model demonstrated excellent
performance in internal validation, its clinical applicability still requires external validation in populations from diverse
climatic regions (eg, hot and humid southern areas) and healthcare tiers (eg, township health centers, urban tertiary hospitals)
to assess its generalizability and robustness. The next step involves developing a web-based dynamic nomogram. This tool
will incorporate temporal variations in laboratory parameters (eg, trends in WBC, SIRI, BUN) to enable dynamic tracking of
patient status and risk alerting, thereby enhancing the model’s accessibility and real-time guidance value in resource-limited
settings. Concurrently, basic experimental research will be conducted to investigate the biological mechanisms of WBC,
SIRI, and BUN in disease progression, providing a theoretical basis for subsequent targeted interventions.

Conclusion

The nomogram model established in this study, based on WBC, SIRI, and BUN, can effectively predict the risk of severe
complications in patients with hymenopteran stings. Its core parameters are derived from routine laboratory tests,
providing primary and remote healthcare institutions with a practical early-warning tool to facilitate timely identification
and intervention for high-risk patients.

Future research will focus on two key aspects: (1) Mechanistic Exploration: Investigate the biological mechanisms of
WBC, SIRI, and BUN in the pathophysiological processes mediated by hymenopteran venom to provide a theoretical
basis for developing targeted interventions. (2) Clinical Translation: Assess model robustness through external validation
across diverse regions and healthcare settings; Develop a web-based dynamic prediction tool to enhance applicability in
remote areas; Strengthen training for primary healthcare providers to promote standardized implementation and clinical
adoption of the model.
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