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Abstract

Background
We aimed to assess the utility of the poisoning severity score (PSS) as early prognostic predictors in
patients with wasp stings, and to explore a reliable and simple predictive tool for short-term outcomes.

Methods
From January 2016 to December 2018, 363 patients with wasp stings in Suining Central Hospital were
taken as research subjects. In the �rst 24h of hospital admission, the PSS and Chinese expert consensus
on standardized diagnosis and treatment of wasp stings (CECC) were used as the criterion for severity
classi�cation, and their correlation was analyzed. The patients were divided into survival and death
groups according to the state of discharge. The factors that affect outcome were analyzed by logistic
regression analysis. A clinical prognostic model of death was constructed according to the risk factors,
and 1000 times repeated sampling was done to include the data to verify the model internally.

Results
The mortality of wasp sting patients was 3.9%. There was a correlation between PSS and CECC (r=0.435,
P<0.001) for severity classi�cation. Sex, age, number of stings, and PSS were independent risk factors for
death. Based on the 4 independent risk factors screened by the above regression analysis, a nomogram
model was constructed to predict the risk of death in wasp sting patients. The predicted value C-index
was 0.962, and the internally veri�ed AUC was 0.962(95%C.I. 0.936-0.988, P<0.001).

Conclusions
PSS is helpful in the early classi�cation of the severity of wasp stings. Sex, age, number of stings, and
PSS were independent risk factors for death in wasp sting patients. The nomogram model established in
this study can accurately predict the occurrence of the risk of death.

Background
China is a large agricultural country. With developments in returning farmland to forests in rural areas,
vegetation is becoming more and more abundant, providing a suitable habitat for wasps. Thus the
incidence of wasp stings is increasing, bringing a serious burden to people's public health and social
economy[1, 2]. Patients with wasp stings have a variety of clinical symptoms, including redness, swelling,
pain, anaphylactic shock, rash, and allergies[3, 4]. The mortality after wasp stings ranged from 5.1-21%[1,
5]. It is particularly important to classify the severity at an early stage and to carry out the corresponding
treatment[6, 7]. Severity of wasp stings and its clinical course may not be predicted at presentation. A tool
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combined with clinical and biochemical parameters may assist physicians in instituting appropriate
management and predict outcomes. SOFA and APACHEII scores have been used to classify the severity
of wasp sting patients[3, 4, 8]. However, as the purpose of these systems was to identify patients at risk
of deterioration in ICU, they are unable to identify patients with severe wasp stings at an early stage. In
the "Chinese expert consensus on standardized diagnosis and treatment of wasp stings (CECC)"
published in 2018, a guide to classifying the severity of wasp stings was described, but it has not been
widely used[6]. In Europe, the poisoning severity score (PSS) was used to assess the severity of poisoning
patients (including environmental toxins)[9]. Stay in observation, hospitalization, admission to ICU or
general ward and nursing grade were decided according to the assessment results[10]. However, to the
authors' knowledge, no previous studies have speci�cally addressed the use of PSS for evaluating the
severity of wasp sting patients. Therefore, we undertook this study in which we looked at 363 patients
with wasp stings from January 2016 to December 2018 in Suining Central Hospital, to assess the utility
of the PSS as early prognostic predictors of short-term outcomes. This study also explored a reliable and
simple predictive tool to identify patients at a high risk of death, to optimise patient management to
reduce the fatality rate.

Methods

Research subjects
This was a retrospective study of patients with wasp stings who presented to the nephrology department
and ICU of Suining Central Hospital of Sichuan Province, China between January 2016 to December
2018. Suining Central Hospital of Sichuan Province, China, is the only tertiary grade A general hospital in
the interior areas of Sichuan Province that has more than 94,000 annual hospitalized patients and more
than 100 wasp sting patients each year.

The inclusion criteria were: 1) Patients with a de�nite diagnosis of wasp stings; 2) age≧14 years old; 3)
the clinical data were complete. The exclusion criteria were as follows: 1) age<14years; 2) re-hospitalized
patients with wasp stings; 3) wasp sting patients who died before admission. We categorized them into
survival group (n=349) and death group (n=14) according to the state of discharge. This study was
approved by the Ethics Committee of Suining Central Hospital (Serial number: LLSNCH20200022).

Clinical data collection
We collected information on the patients' demographics (age, sex), the time interval between sting and
admission (admission time), number of stings, signs and symptoms (allergic rash, hypotension,
macroscopic hematuria, and oliguria or anuria), severe complications (rhabdomyolysis, acute kidney
injury (AKI), coagulation disorders, hemolysis, liver dysfunction, acute respiratory distress syndrome
(ARDS) and multiple organ dysfunction syndrome (MODS)), inpatient days, and short-term outcomes
(death or survival).
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We recorded laboratory data on admission, including: white blood cells (WBC), activated partial
thromboplastin time (APTT), prothrombin time (PT), alanine aminotransferase (ALT), aspartate
aminotransferase (AST), indirect bilirubin (I-BIL), creatine kinase (CK), lactate dehydrogenase (LDH), the
serum creatinine (SCr).

At admission, PSS and CECC were used as the criterion for
severity classi�cation respectively
The PSS grades severity as (0) none, (1) minor, (2) moderate, (3) severe, and (4) fatal poisoning. The
severity grading takes into account only the observed clinical symptoms and signs, but does not estimate
risks or hazards on the basis of information such as the amount ingested or serum concentrations of the
toxic agent[11]. According to the admission criteria, patients with no symptoms and those who died before
admission were excluded. Thus the PSS graded the patients into minor, moderate, and severe poisoning
levels.

The CECC grades severity as: (1) minor: the number of stings was less than 10, with only local allergic
reactions and no organ function involvement, (2) moderate: the number of stings was between 10 and 30;
allergic reaction was classi�ed as - , only 1 organ was involved; sequential organ failure score (SOFA)
≥2 points; there were macroscopic hematuria in an early stage, (3) severe: the number of stings was
greater than 30; allergic reaction was classi�ed as -  or at least 2 organs involved; SOFA≥2 points for
each organ[6].

Statistical analysis
Continuous variables with normal distribution were expressed as means and standard deviations.
Categorical variables without normal distribution were expressed as medians and interquartile ranges.
Variables of the two groups were compared by Mann-Whitney U test. Spearman analysis was performed
for the correlation between PSS and CECC. ROC curve analysis of PSS and CECC was performed
respectively, and Z-test was used to analyze the difference of AUC between them.

Univariate and multivariate logistics regression were used to analyze the risk factors of death in wasp
sting patients. On the basis of the �nal model, a nomogram was built using R software with the rms
package. A concordance index (C-index) was used to determine the discrimination of the nomogram, and
it was calculated by a bootstrap approach with 1,000 resamples for internal validation. Receiver
operating characteristic (ROC) curves were plotted, and the areas under the ROC curve were calculated.

A p-value less than 0.05 was considered statistically signi�cant.

Results

Descriptive Results
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Between January 2016 to December 2018, a total of 390 patients were identi�ed with wasp stings. Of
these patients, 27 patients were excluded, including three who died on admission and 24 who refused to
be hospitalized. Finally, 363 patients were included in this study, which included 219 (60.3%) males and
144 (39.7%) females. The mean age was 55.9±16.3 years. Fourteen(3.9%) patients died during
hospitalization, including 1 in (PSS) grade 1, 9 in (PSS) grade 2, and 4 in (PSS) grade 3. Over the three-
year period of this study, the deaths only occurred from September to November. (Fig. 1, Table3)

PSS and CECC
The median PSS was 1(1,1) upon admission. grade 1 (minor) PSS upon admission were seen in 290
(79.9%) cases, grade 2 (moderate) in 59 (16.2%) cases and grade 3 (severe) in 14 (3.9%) cases. (Table1)

Regarding the CECC assessment upon admission, minor condition was found in 131 (36.1%) cases,
moderate in 176 (48.5%) cases, severe in 56 (15.4%) cases. (Table1)

Spearman analysis between PSS and CECC
The Spearman analysis showed the correlation between PSS and CECC (r = 0.435, P < 0.001), which
indicated that there was a correlation between PSS and CECC in assessing the severity of wasp sting
patients. (Table1)

ROC curve analysis of PSS and CECC
The AUC of the PSS and CECC in predicting death in wasp sting patients was 0.890 and 0.845,
respectively, and they showed a certain predictive power. Although the AUC of the PSS was better than
that of CECC, the difference between them was not statistically signi�cant (Z=0.7230, P=0.4697). Table 2
showed the optimal cut off value, sensitivity, speci�city, positive predictive value, and negative predictive
values of PSS and CECC. (Fig. 2, Table 2).

Comparison of clinical data between the survival and the
death group
The death group had a greater proportion of females (85.7% vs. 37.8%, P<0.001), and was signi�cantly
older (71.1±9.8years vs. 55.3±16.2years, P<0.001) than that of the survival group. The number of stings
(30 vs. 8, P<0.001) and the time from stings to admission (7h vs. 3h, P=0.004) in the death group were
higher than those in the survival group (P< 0.001). The PSS of the death group was signi�cantly higher
than that of the survival group (2 vs. 1, p<0.001). The length of hospital stay was signi�cantly shorter in
the death group (1 day vs. 4 days, P<0.001). (Table3)

Comparisons of complications between the survival and the
death group
No allergic rash was seen in the death group (0% vs. 14.3%, P=0.232). One patient in the death group
developed hypotension compared to 19 in the survival group (P=0.554). The incidences of
rhabdomyolysis, hemolysis, liver dysfunction, coagulation disorder, ARDS, MODS, oliguria (or anuria) and
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macroscopic hematuria in the death group were signi�cantly higher than those in the survival group (P<
0.001). Seven (1.9%) patients were admitted to ICU, including three in the death group and four in the
survivor group. The incidence of AKI in the death group was signi�cantly higher (78.6%) than that in the
survival group (8%) (P< 0.001). A larger proportion of patients in the death group (ten patients (71.4%))
received hemodialysis compared to that in the survival group (35 patients (10%)) (p<0.001). (Table3)

Comparisons of biochemical parameters between the
survival and the death group
In the �rst 24h of hospital admission, the laboratory parameters including WBC, APTT, PT, ALT, AST, IBIL,
CK, LDH, LDH, SCr values in the death group were signi�cantly higher than those in the survival group
(p<0.05). (Table4)

Univariate logistic regression analysis
Based on the pre-speci�ed hypothesis that season was one risk factor for death in wasp sting patients, as
such deaths only occur in summer and autumn, there were signi�cant statistical differences in age, sex,
number of stings, admission time, PSS and biochemical parameters between the death group and the
survival group. However, the evaluation criteria of PSS included cardiovascular system, respiratory
system, liver, kidney, muscular system and so on. Therefore, we took the patients' age, sex, number of
stings, admission time, PSS and season as independent variables to perform univariate logistic
regression. The results were shown in Table 5.

Multivariate logistic regression analysis
The backward multivariate logistic regression analysis showed that female sex, age, number of stings
and PSS were independent risk factors (OR=8.651, 1.103, 1.033, 6.768 respectively). (Table6)

A nomogram was built using R software with the rms package

Based on the 4 independent risk factors screened by the above regression analysis, a nomogram model
was built using R software with the rms package to predict the risk of death in wasp sting patients, and
the risk prediction ability of the model was veri�ed. (Fig. 3)

The predicted value C-index was 0.962, indicating that the clinical prognostic model had a good
prediction accuracy and discrimination. (Fig. 4)

The internally veri�ed AUC was 0.962(95%C.I. 0.936-0.988, P<0.001), indicating that the nomogram had a
high predictive value. (Fig. 5)

Discussion
In China, Nepal, Vietnam and other Asian countries, systemic organ damage or even death due to wasp
venom is not rare[1, 5, 12]. This retrospective study found that the mortality rate in wasp sting patients
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was 3.9%, and death was only seen in the summer and autumn months from September through
November among this cohort. Of the 14 deceased patients, all died between the 1st-3rd day after
admission. The PSS in the death group was signi�cantly higher than that of the survival group.
Multivariate logistic regression analysis showed that female sex, increased age, higher number of stings
and greater PSS grade were independent risk factors for death in wasp sting patients.

Wasp venom contains a variety of bioactive components, such as peptides, enzymes and amines[3, 13].
Severe wasp stings can lead to systemic allergic reaction, rhabdomyolysis, shock, hemolysis, acute
kidney injury (AKI), and even death[2, 14, 15]. Unfortunately, there is no speci�c antidote for wasp venom
at present. It is especially important to classify the severity of wasp sting patients at an early stage, and
to carry out the corresponding treatment. Patients with severe wasp stings should be promptly referred to
a medical institution that can perform blood puri�cation treatment, which can reduce mortality[6, 16, 17].
Chinese Society of Toxicology had prepared a consensus statement on the standardized diagnosis and
treatment of wasp stings (CECC) in 2018[6]. Nevertheless, a wider application of this consensus criteria is
likely limited by the complex evaluation criteria. In Mong's literature, the use of poisoning severity score
(PSS) for the assessment of the severity of the poisoning patients (including wasp sting patients) in the
emergency department was reported[10]. In the present research, there was a correlation between PSS
and CECC in assessing the severity of wasp stings. The severity of wasp stings was evaluated by PSS,
including 59(16.2%) patients with grade 2 and 14(3.9%) patients with grade 3, where a severity poisoning
≥grade 2 (PSS) might lead to death. The severity of wasp stings was evaluated by CECC, including
56(15.4%) patients with severe wasp stings, where a severity poisoning ≥severe (CECC) might lead to
death. PSS had higher accuracy and sensitivity value (89.0%, 92.9% respectively), whilst CECC had a
higher speci�city value (86.8%) when predicting the short-term clinical outcome in wasp sting patients.
The results revealed that these two criteria determined the severity of poisoning and were able to predict
the short‐term clinical outcomes due to wasp stings. As the PSS was more predictive and simpler, it is
recommended to poisoning centers as effective criteria for classify the severity of wasp sting patients.

Wasp stings were the main cause of human death caused by animal injuries, and it was the main cause
of community-acquired AKI in Asia[16]. In this study, the mortality of our wasp sting patients was 3.9%,
which was consistent with Xie, etc.'s report[1]. When the severity was graded according to the PSS, the
mortality was as high as 28.5% in the severe group and 15.2% in the moderate group. PSS was an
independent risk factor for death in wasp sting patients. The severity was also related to the number of
stings. In Xie and Liu, etc.'s literature, the overall incidence of severe complications was higher in the
group with more than 10 stings[1, 18]. In our patients, the mean number of stings in the death group was
30. Females accounted for 70% of patient deaths. Multivariate logistics regression showed that the
number of stings and female sex were also independent risk factors for death in wasp sting patients. The
average age in the death group was signi�cantly higher than that in the survival group. As such, age was
also one of the risk factors for death, which may be related to underlying diseases in elderly patients. The
four indexes of female sex, age, the number of stings, and PSS were combined as prediction criteria, and
predicting the death of wasp sting patients had high accuracy (AUC=0.962, 95%C.I. 0.936-0.988,
P<0.001), which was more powerful than using PSS (AUC=0.890) or CECC (AUC=0.845) alone. Therefore,
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a nomogram prediction model was built on the base of independent risk factors determined through
logistic analyses. The predicted and observed values were found to be similar, which indicates that this
prediction model demonstrates a good degree of discrimination and calibration. Clinicians can identify
the patients at high risk of death for patient management and reduce the fatality rate according to this
nomogram. It is recommended to poisoning centers as effective criteria.

Limitations Of This Study
Our study has some limitations. First, as this was a single-center retrospective study, there may be
selection bias in addition to possible confounding. Second, our prediction model only takes into account
the relevant clinical data on admission, and does not consider the impact of previous diseases and
treatment on the prognosis. Multi-center prospective studies will be needed to verify the accuracy of this
model in future research.

Conclusions
This retrospective cohort study demonstrated that PSS is helpful in early classi�cation the severity of
wasp sting patients. Female sex, age, number of stings, and PSS were independent risk factors for the
death of wasp stings. The nomogram model established in this study can accurately predict the
occurrence risk of death.
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I-BIL
indirect bilirubin
CK
creatine kinase
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Tables
 

Table2. The ROC analysis of PSS and CECC in the optimal cut off scores

Score Value The comparison of AUC

Sensitivity (%) Speci�city (%) +PV (%) -PV (%) AUC Z P

PSS>1 92.86 82.81 17.8 99.7 0.890 0.7230 0.4697

CECC>2 71.43 86.82 17.9 98.7 0.845

+PV: Positive predictive value   -PV: Negative predictive value
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Table3. Comparison of clinical data between the survival and the death group

Variable Survival group (n=349) Death group (n=14) P

Age (years) 55.3±16.2 71.1±9.8 <0.001

Gender (M: F) 217:132 2:12 <0.001

Number of stings 8(4,15) 30(20,45) <0.001

Admission time (h) 3(2,5) 7(3.7,10) 0.004

Poisoning severity score 1(1,1) 2(2,3) <0.001

Grade 1 (n) 289 1  

Grade 2 (n) 50 9  

Grade 3 (n) 10 4  

Inpatient days (day) 4(3,7) 1(1,2.2) <0.001

Allergic rash n (%) 50(14.3) 0(0) 0.232

Hypotension n (%) 19(5.4) 1(7.1) 0.554

AKI* n (%) 28(8%) 11(78.6) <0.001

Rhabdomyolysis n (%) 92(26.4) 13(92.9) <0.001

Hemolysis n (%) 49(14) 12(85.7) <0.001

Oliguria or anuria n (%) 18(5.2) 9(64.3) <0.001

Macroscopic hematuria n (%) 38(10.9) 13(92.9) <0.001

Coagulation abnormalities n (%) 126(36.1) 13(92.9) <0.001

Liver damage n (%) 69(19.8) 13(92.9) <0.001

Dialysis n (%) 35(10) 10(71.4) <0.001

MODS** n (%) 43(12.3) 13(92.9) <0.001

ARDS# n (%) 4(1.1) 9(64.3) <0.001

ICU## n (%) 4(1.1) 3(21.4) <0.001

*Acute Kidney Injury, **Multiple organ dysfunction syndrome, ***Acute respiratory distress syndrome ,
##Intensive care unit.
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Table4. Comparison of biochemical parameters between the survival and the death group

Biochemical parameters Survival group (n=349) Death group (n=14) P

SCr* (59-104umol/l) 66(55,77) 78(68.5,140) 0.004

CK** 40-200U/l 199(117.5,415.5) 2321(407.7,5342.5) <0.001

AST*** 13-35U/l 35.5(26,55.2) 557(255,1505.5) <0.001

IBIL**** (0-18umol/l 8.1(5.2,16.8) 39.4(19.8,83.4) <0.001

ALT# 7-40U/l 22(17,37) 286(58.5,1369.5) <0.001

PT## 11-14.5s 13.7(13,14.6) 15(14,17) 0.002

APTT### 26-40s 51.3(36.8,91.2) 120.5(94.1,180) <0.001

LDH (120-250U/l) 215(179,277.5) 1671(1195.5,2795) <0.001

WBC#### (3.5-9.5*109/l) 11.8(8.4,15.8) 26.3(21.2,33.6) <0.001

*Serum creatinine, **Creatine kinase, ***Aspartate aminotransferase, ****Indirect bilirubin, #Alanine
transaminase, ##Prothrombin time, ###Activated partial thromboplastin time, ####white blood cells

 

Table5. Univariate logistic regression analysis of risk factors of death  

Variable β Wald χ2 P OR 95% C.I.

Age 0.102 12.099 0.001 1.108 1.046-1.173

Female 2.289 8.797 0.003 9.864 2.174-44.762

Admission time 0.004 0.071 0.790 1.004 0.974- 1.035

Season 1.694 5.759 0.016 5.440 1.364-21.699

Number of stings 0.043 14.808 <0.001 1.044 1.022-1.068

PSS* 2.135 29.403 <0.001 8.460 3.910-18.305

*Poisoning severity score
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Table6. Multivariate logistic regression analysis of risk factors of death

Variable β Wald χ2 P OR 95%C.I.

Age 0.098 5.029 0.025 1.103 1.012-1.201

Female 2.158 4.885 0.027 8.651 1.277-58.629

Number of stings 0.033 4.852 0.028 1.033 1.004-1.064

PSS* 1.912 9.306 0.002 6.768 1.981-23.120

Hosmer-Lemeshow analysis: χ2=0.826 P=0.999, *Poisoning severity score

Figures

Figure 1

Monthly distribution of wasp sting patients
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Figure 2

ROC curve analysis of PSS and CECC in predicting death
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Figure 3

The nomogram model for predicting the death risk
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Figure 4

Veri�cation of the nomogram model
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Figure 5

ROC curve analysis of the nomogram model


