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Purpose: To analyze and discuss the clinical characteristics of jellyfish stings in the South China Sea and to identify factors associated
with post-sting pain.

Patients and Methods: The study population included individuals stung by jellyfish along the coasts of Hainan and Guangdong
Provinces, recruited from two regional hospital emergency departments.A cross-sectional study was conducted using a structured
questionnaire. Univariate and multivariate logistic regression analyses were performed on the collected data. Pain intensity was
assessed using the Numerical Rating Scale (NRS) and used as the basis for grouping participants. Receiver operating characteristic
(ROC) curve analysis was applied to determine the optimal time interval between sting occurrence and medical treatment.

Results: A total of 436 questionnaires were distributed, and 376 were returned (response rate: 87.6%). After screening, 316 valid
questionnaires were included in the final analysis (validity rate: 84.0%). Based on NRS scores, participants were categorized into three
groups: Group 1 (mild pain, NRS 0-3), Group 2 (moderate pain, NRS 4-6), and Group 3 (severe pain, NRS 7-10). Baseline
characteristics were comparable across the three groups. Univariate analysis identified eight factors associated with NRS scores: sting
on the face or neck, sting on the chest or abdomen, skin edema, skin wound bleeding, skin wound infection, seawater rinsing, hot
compress/hot water immersion, and time interval from sting to medical treatment (all P < 0.05). Multivariate logistic regression
revealed six independent predictors of higher pain scores: sting on the face or neck, skin edema, skin wound bleeding, seawater
rinsing, and hot compress/hot water immersion (all P < 0.05). ROC curve analysis indicated that receiving medical treatment within
28 minutes of the sting was associated with significant pain relief. However, it may be delayed due to logistics and transportation time.
Conclusion: Multiple factors influence pain severity following jellyfish stings. Prompt and appropriate initial non-pharmacological
management, followed by timely medical treatment preferably within 28 minutes can help alleviate pain and improve clinical
outcomes.
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Introduction

Jellyfish are marine invertebrates belonging to the phylum Cnidaria. They exhibit remarkable species diversity and large
population sizes and are widely distributed across all major oceans worldwide.' Numerous nematocysts containing toxins
are located on the surface of their tentacles. When humans come into contact with these tentacles, the nematocysts
rapidly discharge their stinging threads, which penetrate the skin and inject toxins.” Jellyfish venom is characterized by
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complex and diverse biochemical components with potent biological activity. It can induce a wide range of clinical
manifestations of varying severity, including pain of different intensities, local erythema and edema, cardiovascular
reactions, dyspnea, Irukandji syndrome, acute systemic allergic responses, anaphylactic shock, and, in severe cases,
death. These effects can result in varying degrees of health impairment among affected individuals.* >

In recent years, the number of reported jellyfish sting cases has risen sharply in many coastal cities worldwide. This
trend may be associated with global warming and the deterioration of marine environments resulting from industrial
activities.®® It is estimated that approximately 150 million jellyfish stings occur globally each year.” In Australia, 6,769
emergency cases related to marine animal stings were reported during 2022-2023.'° Countries such as Thailand,
Malaysia, and the Philippines have also reported varying numbers of jellyfish sting cases, including fatalities.'"'
China, with its extensive coastline of 32,000 kilometers and numerous coastal beaches, also experiences a high incidence
of jellyfish stings. For instance, in Qinhuangdao—a popular coastal tourist destination in northern China—approximately
2,724 cases were documented during the summer seasons between 2017 and 2019."* The rising incidence not only
adversely affects tourism but also poses a significant public health burden, contributing to increased medical expendi-
tures, as evidenced by reports from Italy where medical expenses associated with stings reached up to 400,000 euros over
five years.'*!

Despite the growing public health concern, data on the clinical characteristics of jellyfish stings in the southern
marine regions of China remain limited. Specifically, there is a lack of comprehensive analysis regarding the risk factors
that contribute to the severity of sting symptoms, particularly post-sting pain, in areas like Hainan and Guangdong
Provinces. Understanding these local epidemiological and clinical features is crucial for developing targeted treatment
strategies and public health interventions.

Therefore, this study aims to investigate the clinical characteristics of patients stung by Portuguese man-of-war and
jellyfish (Cyanea) in Hainan and Guangdong Provinces, located in the southern marine regions of China, and to identify

the risk factors associated with the severity of post-sting pain.

Methods
Study Design and Participants

This cross-sectional study was conducted from August 2023 to October 2024. Participants were recruited from two large
medical institutions in southern China, both located within the South China Sea region: the Hainan Hospital of the PLA
General Hospital (Hainan Province) and the 196th Hospital of the PLA (Guangdong Province). Questionnaires were
distributed on-site to patients who presented to the emergency departments (EDs) of these hospitals for medical treatment
following a jellyfish sting. The surveys were administered with nurse assistance, and relevant data were collected
retrospectively at the time of medical consultation.

Inclusion criteria: Participants were eligible if they (1) were aged 18-60 years, (2) sought ED treatment for
a clinically confirmed jellyfish sting, and (3) voluntarily provided informed consent to participate in the questionnaire
survey. Exclusion criteria: Participants were excluded if they (1) were pregnant or lactating, (2) were unable to complete
the questionnaire independently, or (3) had a history of mental illness or other conditions that could interfere with pain
assessment.

This study was reviewed and approved by the Ethics Committee of the Sixth Medical Center of the Chinese PLA
General Hospital. Written informed consent was obtained from all participants prior to data collection. The study was
registered at ClinicalTrials.gov (Registration Number: ChiCTR2400093701).

Outcome Measurement and Group Setting
Outcome Measurement

The primary outcome measure of this cross-sectional study was pain intensity following a jellyfish sting, derived from
the “pain level” item in the questionnaire. This served as the key indicator reflecting the severity of sting-related

discomfort. Pain intensity was quantified using the NRS a validated and widely used instrument for clinical pain
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assessment. Participants were asked to rate their maximum pain intensity within one hour of presentation to the ED on an
11-point scale, where 0 represented “no pain at all” and 10 indicated “the worst pain imaginable.”

Secondary outcome measures included the following: (1) Sting site: categorized by common anatomical regions (eg.,
face/neck, chest/abdomen, back/waist, limbs) based on participants’ self-report and nurse verification. (2) Local symp-
toms: recorded as binary variables (yes/no) for manifestations including skin erythema, skin edema, skin wound
bleeding, and skin wound infection. (3) Systemic symptoms: recorded as binary variables (yes/no) for symptoms such
as fever, dyspnea, and abdominal pain, nausea, or vomiting. (4) Time interval from sting to medical treatment: defined as
the duration between sting occurrence and receipt of medical care in the ED. (5) Non-pharmacological interventions:
recorded as binary variables (yes/no) for first-aid measures applied before ED presentation, including seawater rinsing,
fresh water rinsing, vinegar rinsing, hot compress or hot water immersion, and ice compress or cold water immersion.

Group Setting
Participants were stratified according to the core outcome indicator pain intensity as assessed by the NRS to compare
differences in other outcome variables across varying levels of pain severity. Based on established clinical pain
classification standards and the distribution characteristics of jellyfish sting—related pain, participants were divided into
three groups: (1) mild pain group, NRS score 0-3; (2) moderate pain group, NRS score 4-6; and (3) severe pain group,
NRS score 7-10.'°

This grouping approach was both objective and quantifiable, consistent with the assessment logic of the primary
outcome measure. It provided a robust framework for subsequent analyses of factors associated with pain severity among
jellyfish sting patients.

Questionnaire
A self-administered questionnaire was used to collect data on jellyfish sting—related information and participant
characteristics. Two formats online and offline were implemented to accommodate different participant needs.

Questionnaire Content

The questionnaire was organized into two sections to ensure systematic data collection. The first section, demographic
and baseline characteristics, included items such as gender, age, body mass index (BMI), marital status, occupational
category, education level, smoking habits, and drinking habits. The second section, jellyfish sting-specific information,
focused on details of the sting event and subsequent outcomes, including pain level (quantified using the Numerical
Rating Scale, NRS), sting site, local and systemic symptoms, time interval from sting occurrence to initiation of medical
treatment, non-pharmacological interventions applied, treatment type (outpatient or inpatient), and length of hospital stay
for inpatients.

Questionnaire Administration

The online version was implemented via Questionnaire Star, a free and widely used online survey platform in China.
Researchers designed and edited the questionnaire on the platform’s official website, which automatically generated
a unique QR code. Participants were instructed to scan the QR code using WeChat China’s primary social media and
messaging application to complete the survey electronically. The offline version consisted of traditional paper-based
questionnaires, which participants completed on-site in the emergency departments of the participating hospitals. All
questionnaires were reviewed immediately upon completion by trained nurses to check for missing data or logically
inconsistent responses, thereby enhancing data completeness and accuracy.

Questionnaire Data Collection

For the online data, participant responses were automatically uploaded to the official Questionnaire Star database upon
completion. Researchers accessed the collected data through the platform and downloaded an Excel file containing all
survey items and corresponding responses. For the offline data, designated staff at the participating hospitals were
responsible for collecting the completed paper-based questionnaires. These questionnaires were then uniformly mailed to
the corresponding author’s affiliated institution, where members of the research team securely stored and entered the data
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into Microsoft Excel for digitization. Finally, the online and offline datasets were merged to form the final raw dataset
used for statistical analysis.

Statistical Analysis

Continuous variables with a normal distribution were expressed as the mean + standard deviation (SD), while non-
normally distributed continuous variables were presented as the median and interquartile range (IQR). Continuous
variables were compared using the Student’s #-test, and categorical variables were expressed as frequencies or percen-
tages and analyzed using the chi-square test. For univariate and multivariate analyses, all participants were categorized
into three groups according to their NRS pain scores. The mild pain group served as the reference category for
comparisons with the moderate pain and severe pain groups. Statistical analyses were performed using SPSS version
24.0 (IBM Corp., Armonk, NY, USA). Initially, univariate analyses were conducted for each variable, and those with P <
0.10 were subsequently included in the multivariate logistic regression analysis. A P-value < 0.05 was considered
statistically significant.

Result

Data Collection and Sample Screening

Between August 2023 and October 2024, a total of 436 questionnaires were distributed. Of these, 376 were returned,
yielding a response rate of 87.6%. After screening, 316 questionnaires containing complete and valid data were included
in the final analysis. The remaining 60 questionnaires were excluded: 42 due to incomplete data and 18 because the
respondents did not meet the inclusion or exclusion criteria (Figure 1).

Baseline Characteristics

All participants assessed pain intensity using the NRS, an 11-point scale ranging from 0 (no pain) to 10 (the most severe
pain imaginable).'® Participants were stratified into three groups based on NRS scores: mild pain (0-3), moderate pain
(4-6), and severe pain (7-10). Detailed characteristics of respondents are summarized in Table 1.

436 questionnaire distributed

45 questionnaires lost or not
returned
15 unwilling to participate

\/

376 questionnaires
collected

60 questionnaires unqualified:
42 incomplete
12 age<18 or age>60
6 pregnancy

316 subjects included in

this study
\i
y \ /
Groupl: Group2: Group3:
NRS 0-3 (N=128) NRS 4-6 (N=136) NRS 7-10 (N=52)

Figure | Flow chart of participant enrollment and screening.
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Table | Univariate Analysis of the Associations Between Three Groups According to NRS

Characteristics Total Group | Group 2 Group 3 ORI (95% CI) OR2 (95% CI) Pl value | P2 value | Overall P value
(N=316) N (%) | (N=128) N (%) | (N=136) N (%) | (N=52) N (%)

Sex 0.566
Female 164 (51.90) 69 (53.91) 66 (48.53) 29 (55.77) 1.240 (0.765-2.012) 0.928 (0.485-1.774) 0.383 0.820

Male 152 (48.10) 59 (46.09) 70 (51.47) 23 (15.13) 0.806 (0.497-1.308) 1.08 (0.56-2.06) 0.383 0.820

Age (years) (median, IQR) (29.00,9.00) (29.00, 10.75) (30.00, 11.50) (29.00, 9.00) 0.585 0.943

Age group, years 0.867
18-29 164 (51.90) 68 (53.13) 66 (48.53) 30 (57.69) 1.202 (0.741-1.949) 0.831 (0.434-1.593) 0.456 0.577

30-39 104 (32.91) 41 (32.03) 48 (35.29) 15 (28.85) 0.864 (0.518-1.441) 1.162 (0.574-2.354) 0.575 0.676

4049 36 (11.39) 15 (11.72) 15 (11.03) 6 (11.54) 1.071 (0.501-2.290) | 1.018 (0.372-2.786) 0.860 0.973

250 12 (3.80) 4 (3.13) 7 (5.15) 1(1.92) 0.594 (0.170-2.081) | 1.645 (0.179-15.078) 0416 0.660

BMI (mean+SD) 23.00£2.11 23.11£2.14 22.90+2.00 23.03+£2.29 0.415 0.820

Marital status 0.351
Unmarried 174 (55.06) 74 (57.81) 76 (55.88) 24 (46.15) 1.082 (0.664-1.761) 1.599 (0.836-3.057) 0.752 0.156

Married 142 (44.94) 54 (42.19) 60 (44.12) 28 (53.85) 0.924 (0.568-1.505) 0.625 (0.327-1.196) 0.752 0.156

Personnel category 0.833
Non-tourist 50 (15.82) 20 (15.63) 21 (15.44) 9 (17.31) 1.014 (0.521-1.975) 0.885 (0.373-2.096) 0.967 0.781

Chinese tourist 245 (77.53) 99 (77.34) 108 (79.41) 38 (73.08) 0.885 (0.492-1.591) 1.258 (0.600-2.635) 0.683 0.543

Foreign tourist 21 (6.65) 9 (7.03) 7 (5.15) 5(9.62) 1.394 (0.503-3.860) 0.711 (0.226-2.232) 0.523 0.559

Education level 0.277
High school and below 71 (22.47) 27 (21.09) 30 (22.06) 14 (26.92) 0.945 (0.525-1.699) 0.726 (0.344-1.529) 0.849 0.399

College 198 (62.66) 83 (64.84) 89 (65.44) 26 (50.00) 0.974 (0.587-1.616) 1.844 (0.959-3.546) 0.919 0.066

Master and above 47 (14.87) 18 (14.06) 17 (12.50) 12 (23.08) 1.145 (0.562-2.334) 0.545 (0.241-1.232) 0.708 0.145

Smoking 0.245
Never 112 (35.44) 52 (40.63) 45 (33.09) 15 (28.85) 1.384 (0.838-2.286) 1.688 (0.842-3.385) 0.205 0.140

Past 102 (32.28) 33 (25.78) 50 (36.76) 18 (34.62) 0.597 (0.353-1.013) 0.656 (0.327-1.315) 0.056 0.235

Present 102 (32.28) 43 (33.59) 41 (29.41) 19 (36.54) 1.172 (0.698-1.968) 0.879 (0.448-1.722) 0.548 0.706

Drinking 0.756
Never 71 (22.47) 29 (22.66) 30 (22.06) 12 (23.08) 1.035 (0.580-1.847) 0.976 (0.454-2.101) 0.907 0.951

(Continued)
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Table | (Continued).

Characteristics Total Group | Group 2 Group 3 ORI (95% CI) OR2 (95% ClI) Pl value | P2 value | Overall P value
(N=316) N (%) | (N=128) N (%) | (N=136) N (%) | (N=52) N (%)
Past 90 (28.48) 39 (30.47) 34 (25.00) 17 (32.69) 1.315 (0.766-2.257) 0.902 (0.452-1.800) 0.321 0.770
Present 155 (49.05) 60 (46.88) 72 (52.94) 23 (44.23) 0.784 (0.484-1.272) 1.113 (0.582-2.127) 0.325 0.747
Individual Patient-Specific Factors
Sting on face or neck 68 (21.52) 14 (10.94) 33 (24.26) 21 (40.38) 0.383 (0.194-0.756) 0.181 (0.083-0.397) 0.006 <0.001 <0.001
Sting on chest or abdomen 54 (17.09) 16 (12.50) 20 (14.71) 18 (34.62) 0.829 (0.409-1.680) 0.270 (0.124-0.586) 0.602 0.001 0.022
Sting on back or waist 36 (11.39) 15 (11.72) 13 (9.56) 8 (15.38) 1.256 (0.573-2.755) 0.730 (0.289-1.843) 0.570 0.506 0.525
Sting on limbs 254 (80.38) 104 (81.25) 111 (81.62) 39 (75.00) 0.976 (0.525-1.816) 1.444 (0.670-3.116) 0.939 0.348 0.563
Skin erythema 248 (78.48) 97 (75.78) 107 (78.68) 44 (84.62) 0.848 (0.477-1.509) 0.569 (0.242-1.338) 0.575 0.196 0.424
Skin edema 139 (43.99) 33 (25.78) 70 (51.47) 36 (69.23) 0.328 (0.195-0.551) 0.154 (0.076-0.314) <0.001 <0.001 <0.001
Skin wound bleeding 55 (17.41) 15 (11.72) 26 (19.12) 14 (26.92) 0.562 (0.282-1.117) 0.360 (0.159-0.815) 0.100 0.014 0.040
Skin wound infection 31 (9.81) 6 (4.69) 14 (10.29) 11 (21.15) 0.429 (0.159-1.152) 0.183 (0.064-0.527) 0.093 0.002 0.003
Fever 41 (12.97) 13 (10.16) 20 (14.71) 8 (15.38) 0.656 (0.311-1.380) 0.622 (0.241-1.602) 0.266 0.325 0.466
Dyspnea 17 (5.38) 6 (4.69) 7 (5.15) 4 (7.69) 0.906 (0.296-2.773) 0.590 (0.159-2.184) 0.863 0.430 0.711
Abdominal pain/nausea/vomiting 57 (18.04) 24 (18.75) 25 (18.38) 8(15.38) 1.025 (0.551-1.906) 1.27 (0.53-3.04) 0.939 0.593 0.860
Time interval between sting and the receiving medical treatment 42.22 +41.51 26.49 £25.72 67.77 £49.39 72.02 +49.76 <0.001 <0.001
Non-Pharmacological Intervention-Related Factors
Seawater rinsing 169 (53.48) 83 (64.84) 67 (49.26) 19 (36.54) 1.900 (1.158-3.115) 3.204 (1.638-6.267) 0.011 0.001 0.001
Fresh water rinsing 45 (14.24) 19 (14.84) 16 (11.76) 10 (19.23) 1.307 (0.640-2.669) 0.732 (0.315-1.703) 0.462 0.469 0410
Rinsing with vinegar 34 (10.76) 12 (9.38) 16 (11.76) 6 (11.54) 0.776 (0.352-1.711) 0.793 (0.281-2.239) 0.529 0.662 0.806
Hot compress or hot water immersion 67 (21.20) 36 (28.13) 25 (18.38) 5(9.62) 1.737 (0.972-3.104) 3.678 (1.354-9.991) 0.062 0.011 0.009
Ice compress or cold water immersion 33 (10.44) 11 (859) 16 (11.76) 6 (11.54) 0.705 (0.314-1.583) 0.721 (0.252-2.063) 0.397 0.542 0.674
Medical treatment 0.638
Outpatient or emergency department 295 (93.35) 120 (93.75) 128 (94.12) 47 (90.38) 0.938 (0.341-2.577) 1.596 (0.497-5.127) 0.900 0.433
Inpatient 21 (6.65) 8 (6.25) 8 (5.88) 5(9.62) 1.067 (0.388-2.932) 0.627 (0.195-2.013) 0.900 0.433

Notes: Pl value: group | vs. group 2; P2 value: group | vs. group 3.
Abbreviations: NRS, Numerical Rating Scale; BMI, body mass index.
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Among the 316 participants, 152 were male (48.10%) and 164 were female (51.90%). The median age was 29 years
(range 18-57 years), with 51.90% aged 18-29, 32.91% aged 30-39, 11.39% aged 4049, and 3.80% aged >50. The mean
BMI was 23.00 = 2.11 kg/m®. Most participants (84.18%, 266/316) were tourists, including 245 Chinese tourists
(77.53%) and 21 foreign tourists (6.65%). The remaining 15.82% (50/316) were non-tourists, such as divers, fishermen,
or members of maritime rescue teams.

As shown in Table 1, there were no statistically significant differences among the three pain groups regarding gender,
age group, marital status, personnel category, education level, smoking habits, or drinking habits (all P > 0.05).

Univariate Analysis
Univariate analysis identified eight variables significantly associated with NRS pain scores (P < 0.05). The detailed
results are presented below.

Sting Site
Face or neck stings: Among all participants, 21.52% (68/316) sustained stings to the face or neck. The proportion was highest in
the severe pain group at 40.38% (21/52), significantly higher than in the mild pain group (10.94%, 14/128) and the moderate pain
group (24.26%, 33/136). Compared with the severe pain group, the odds of face or neck stings were lower in the mild pain group
(OR =0.383, 95% CI: 0.194-0.765, P = 0.006) and in the moderate pain group (OR = 0.181, 95% CI: 0.083-0.397, P < 0.001)
(Supplementary Figure 1).

Chest and abdomen stings: The overall incidence was 17.09% (54/316). In the severe pain group, 34.62% (18/52) of
participants reported stings at these sites, which was significantly higher than in the mild pain group (12.50%, 16/128)

and moderate pain group (14.71%, 20/136). The odds of chest or abdomen stings were lower in the mild pain group
compared with the severe pain group (OR = 0.270, 95% CI: 0.124-0.586, P = 0.001).

Back and waist stings: The overall incidence was 11.39% (36/316). No significant differences were observed among
the three groups (overall P = 0.525).

Arms and legs stings: The overall incidence was 80.38% (254/316), with no significant differences across groups
(overall P = 0.563) (Supplementary Figure 2).

Local Symptoms

Skin edema: The overall incidence of skin edema was 43.99% (139/316). The proportion was highest in the severe pain
group at 69.23% (36/52), significantly higher than in the mild pain group (25.78%, 33/128) and the moderate pain group
(51.47%, 70/136). Compared with the severe pain group, the odds of skin edema were lower in the mild pain group (OR =
0.328, 95% CI: 0.195-0.551, P < 0.001) and in the moderate pain group (OR = 0.154, 95% CI: 0.076-0.314, P < 0.001).

Skin wound bleeding: The overall incidence was 17.41% (55/316). No significant difference was observed between
the mild pain and moderate pain groups (OR = 0.562, 95% CI: 0.282-1.117, P = 0.100). However, compared with the
severe pain group, the incidence of skin wound bleeding was lower in the mild pain group (OR = 0.360, 95% CI:
0.159-0.815, P = 0.014). Overall, skin wound bleeding differed significantly among the three groups.

Skin wound infection: The overall incidence was 9.81% (31/316), with 21.15% (11/52) in the severe pain group.
Compared with the severe pain group, the odds of wound infection were lower in the mild pain group (OR = 0.183, 95%
CI: 0.064-0.527, P = 0.002), whereas no significant difference was observed between the mild and moderate pain groups
(OR = 0.429, 95% CI: 0.159-1.152, P = 0.093).

Skin erythema: The overall incidence was 78.48% (248/316), with no significant differences among the three groups
(overall P = 0.424).

Systemic Symptoms
No significant intergroup differences were found in fever (41/316, 12.97%), dyspnea (17/316, 5.38%), or abdominal pain/
nausea/vomiting (57/316, 18.04%) (all P > 0.05).
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Time Interval from Sting to Medical Treatment

The mean time from sting occurrence to receiving medical treatment across all participants was 42.22 + 41.51 minutes.
Stratified by pain severity, the mean interval was 26.49 + 25.72 minutes in the mild pain group, 67.77 + 49.39 minutes in
the moderate pain group, and 72.02 + 49.76 minutes in the severe pain group. Both the moderate and severe pain groups
had significantly longer intervals compared with the mild pain group (P < 0.001 for both comparisons).

Non-Pharmacological Intervention—Related Factors

Seawater sinsing: The proportion of participants receiving seawater rinsing was highest in the mild pain group (64.84%,
83/128), compared with 49.26% (67/136) in the moderate pain group and 36.54% (19/52) in the severe pain group.
Compared with the severe pain group, the odds of seawater rinsing were higher in the mild pain group (OR = 1.900, 95%
CI: 1.158-3.115, P = 0.011) and the moderate pain group (OR = 3.204, 95% CI: 1.638-6.267, P = 0.001).

Hot compress or hot water immersion: The proportion in the mild pain group was 28.13% (36/128), higher than in the
moderate (18.38%, 25/136) and severe (9.62%, 5/52) pain groups. Compared with the severe pain group, the odds were
higher in the mild pain group (OR = 3.678, 95% CI: 1.354-9.991, P = 0.011). The difference between the mild and
moderate pain groups was marginally significant (OR = 1.737, 95% CI: 0.972-3.104, P = 0.062).

For fresh water rinsing (45/316, 14.24%), vinegar rinsing (34/316, 10.76%), and ice compress or cold water
immersion (33/316, 10.44%): no significant intergroup differences were observed (all P > 0.05).

Seawater rinsing and hot compresses have a certain protective effect, possibly because hot compresses denature
venom proteins, while seawater rinsing prevents nematocyst discharge, thereby alleviating pain and limiting local tissue
damage.

Treatment Type
Among all participants, 295 cases (93.35%) received outpatient or emergency department care, including 120/128
(93.75%) in the mild pain group, 128/136 (94.12%) in the moderate pain group, and 47/52 (90.38%) in the severe
pain group.

A total of 21 cases (6.65%) required inpatient treatment, comprising 8/128 (6.25%) in the mild pain group, 8/136
(5.88%) in the moderate pain group, and 5/52 (9.62%) in the severe pain group. No significant differences were observed
among the groups in treatment type (P = 0.638).

Multivariate Analysis

To correct for potential confounding factors identified in the univariate analysis and to independently assess the
association of each factor with pain severity, a multivariate ordinal logistic regression analysis was conducted. In
accordance with the study objectives, all variables with P < 0.10 in the univariate analysis were included in the
multivariate model. Simultaneously, to control for the potential confounding effects of demographic characteristics and
behavioral habits, variables such as gender, age, marital status, personnel category (tourist/non-tourist), education level,
smoking, and drinking habits were also incorporated into the model for adjustment. Variable selection for the final model
was performed using a forward stepwise regression method based on maximum likelihood estimation. The analysis
results are detailed in Table 2.

Group | vs Group 2

Five factors were independently associated with higher pain in the moderate pain group compared with the mild pain
group: Sting on face or neck (OR = 2.215, 95% CI: 1.061-4.624, P = 0.034); Skin edema (OR = 3.225, 95% CI:
1.836-5.665, P < 0.001); Seawater rinsing (OR = 0.516, 95% CI: 0.300-0.889, P = 0.017); Hot compress or hot water
immersion (OR = 0.479, 95% CI: 0.253-0.906, P = 0.024); Time interval from sting to medical treatment (OR = 1.018,
95% CI: 1.008-1.027, P < 0.001).

Group | vs. Group 3
Six factors were independently associated with higher pain in the severe pain group compared with the mild pain group:
Sting on face or neck (OR = 4.157, 95% CI: 1.649-10.478, P = 0.003); Skin edema (OR = 6.527, 95% CI: 2.844—-14.981,
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Table 2 Multivariate Logistics Analysis of the Association Between Potentially Significant Factors and NRS

Group | vs Group 2 Coefficient of SE z Wald 32 OR 95% CI P
Regression
Sting on face or neck 0.795 0375 | 2.119 4.489 2215 1.061-4.624 0.034
Sting on chest or abdomen —0.080 0.405 | —0.197 0.039 0.923 | 0.418-2.041 0.844
Skin edema 1171 0.287 | 4.073 16.589 3.225 1.836-5.665 | <0.001
Skin wounds bleeding 0.464 0.385 1.205 1.451 1.590 | 0.748-3.380 0.228
Skin wound infection 0.754 0.558 1.351 1.825 2.126 | 0.712-6.349 0.177
Seawater rinsing —0.661 0.277 | —2.386 5.694 0516 0.300-0.889 0.017
Hot compress or hot water immersion —0.737 0.326 | —2.262 5.116 0.479 0.253-0.906 0.024
Time interval between sting and the receiving medical treatment 0.017 0.005 3.561 12.681 1.018 1.008-1.027 | <0.001
Group | vs Group 3 Coefficient of SE z Wald 32 OR 95% CI P
Regression

Sting on face or neck 1.425 0.472 3.021 9.126 4.157 | 1.649-10.478 0.003
Sting on chest or abdomen 0.696 0.501 1.390 1.931 2.006 | 0.751-5.357 0.165
Skin edema 1.876 0424 | 4.425 19.583 6.527 | 2.844-14.981 | <0.00!
Skin wounds bleeding 0.809 0.504 1.603 2.569 2.245 0.835-6.034 0.109
Skin wound infection 1.435 0.658 | 2.180 4.753 4.201 I.156-15.267 | 0.029
Seawater rinsing —1.108 0.406 | —2.731 7.459 0.330 | 0.149-0.731 0.006
Hot compress or hot water immersion -1.214 0.564 | —2.154 4.641 0.297 | 0.098-0.896 0.031
Time interval between sting and the receipt of medical treatment 0.026 0.006 4.666 21.775 1.026 1.015-1.038 <0.001

P < 0.001); Skin wound infection (OR = 4.201, 95% CI: 1.156-15.267, P = 0.029); Seawater rinsing (OR = 0.330, 95%
CI: 0.149-0.731, P = 0.006); Hot compress or hot water immersion (OR = 0.297, 95% CI: 0.098-0.896, P = 0.031); Time
interval from sting to medical treatment (OR = 1.026, 95% CI: 1.025-1.038, P < 0.001).

ROC Curve and Cut-off Value

ROC curve analysis was performed to evaluate the discriminative ability of the time interval from sting to medical
treatment in predicting pain severity. Mild vs. moderate pain (Group 1 vs. Group 2): The area under the curve (AUC) was
0.654 (95% CI: 0.589-0.719, P < 0.001). The optimal cut-off value for the time interval was 28.0 minutes, corresponding
to a sensitivity of 0.618 and a specificity of 0.609. Mild vs. severe pain (Group 1 vs. Group 3): The AUC was 0.846 (95%
CI: 0.787-0.904, P < 0.001), indicating stronger discriminative power compared with the mild vs. moderate comparison.
The optimal cut-off value remained 28.0 minutes, with a higher sensitivity of 0.904 and specificity of 0.609 (Figure 2;
Table 3).

Discussion

Jellyfish stings can induce a range of symptoms resulting from the human immune response to jellyfish venom, which
acts as an allergen. Jellyfish toxins are broadly categorized into three types: protein-like toxins, non-protein toxins, and
bioactive enzymes. These bioactive components exhibit diverse biological toxicities, including skin damage, inflamma-
tion, allergic reactions, and adverse effects on the cardiovascular and nervous systems.'”'® Typically, following
a jellyfish sting, the victim initially experiences stinging pain, followed by the development of erythema and papules
on the skin, often with linear or rope-like marks resembling jellyfish tentacles.'® Patients may also experience varying
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Figure 2 ROC curve for the time interval between sting and the receiving medical treatment among three groups.

degrees of pain, itching, burning, or numbness. In severe cases, the skin can develop blisters, bleeding, ulcers, or even
necrosis.”>° When a large amount of venom enters the bloodstream, systemic symptoms such as dyspnea, dizziness,
nausea, and vomiting may occur, potentially leading to acute, life-threatening complications including cardiac arrest and

hepatic-renal failure.*'-*

Individual Patient-Specific Factors
Regarding the site of the sting, stings on the face or neck were associated with higher pain intensity in both univariate
and multivariate analyses, whereas stings on the chest or abdomen were significant only in univariate analysis. This
difference may be explained by anatomical characteristics. The skin of the face, neck, and chest is relatively thin and
contains less subcutaneous tissue compared with the limbs, lacking the protective thickness of the stratum corneum and
abundant adipose tissue especially in the head and neck. This thin skin, coupled with minimal subcutaneous fat, allows
jellyfish venom to rapidly penetrate the skin barrier, directly stimulating nociceptors and triggering intense pain.
Additionally, the head, face, and neck have a denser distribution of nerves (eg., the trigeminal nerve in the face)
compared with the limbs and lumbodorsal region, leading to faster and more intense pain perception.”® In contrast, the
relatively sparse distribution of pain-sensing nerves in the chest and abdomen may explain why stings in these areas were
significant only in univariate analysis.

Our survey also showed that 78.48% (248/316) of participants developed skin erythema, making it the most common
symptom. However, erythema did not significantly affect pain perception. The development of erythema may involve

Table 3 ROC Curve of the Time Interval Between Sting Occurrence and the Receiving Medical Treatment Among
Three Groups (Min)

AUC | Optimal Cut-off value | Sensitivity | Specificity 95% ClI P value | Cut-off

Group | vs Group 2 | 0.654 0.227 0.618 0.609 0.589-0.719 | <0.001 28.000

Group | vs Group 3 | 0.846 0.513 0.904 0.609 0.787-0.904 | <0.001 28.000

Abbreviations: ROC, receiver operating characteristic; AUC, area under the curve; NRS, Numerical Rating Scale; AUC, area under the curve; ROC,
receiver operating characteristic; ED, emergency department; IQR, interquartile range; RCT, randomised controlled trial; DJES, delayed jellyfish
envenomation syndrome.
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jellyfish venom components such as histamine, 5-hydroxytryptamine, and kinins, which act on the skin to induce non-
specific cutaneous lesions, including allergic contact dermatitis, resulting in erythema and papules.>*°

The second most common symptom was skin edema, which differed significantly among the three pain groups in both
univariate (P < 0.001) and multivariate analyses (P < 0.001 or P = 0.001). The occurrence of skin edema may be related
to kinin-like components in jellyfish venom, which act on small veins and capillaries in the local skin area, causing
vasodilation and increased vascular permeability. This leads to plasma exudation into the interstitial space and results in
localized edema.**

In this study, 17.41% (55/316) of patients experienced skin wound bleeding. This variable showed a statistically
significant association with pain in the univariate analysis but was not significant in the multivariate analysis. Additionally,
9.81% (31/316) of patients developed skin wound infections of varying severity, which were significant in both univariate
and multivariate analyses. Several factors may contribute to wound infection, including the sting site and the time interval
before medical treatment. Our analysis indicated that patients with wound infections had a longer interval from sting

occurrence to medical care compared with those without infection (P = 0.021) (Supplementary Table 1).

Non-Pharmacological Intervention-Related Factors

Our study found that seawater rinsing was beneficial for reducing pain in patients, as demonstrated in both univariate and
multivariate analyses. Previous studies have shown that the nematocysts of Chrysaora quinquecirrha, Chiropsalmus
quadrumanus, Physalia physalis, Nemopilema nomurai, and Carybdea brevipedalia do not discharge in seawater.”>° In
vitro experiments by Pyo et al*® confirmed that seawater did not induce nematocyst discharge in Nemopilema nomurai
and Carybdea mora (a type of box jellyfish). In human skin tests, rinsing with seawater alleviated erythema and pain at
the sting site, supporting the recommendation of seawater as a safe and effective first-aid solution for jellyfish stings.
Seawater rinsing helps prevent further nematocyst discharge by maintaining osmotic balance around undischarged
nematocysts. However, Doyle’s study reported that seawater rinsing could significantly increase venom secretion from
Cyanea capillata.?” Although our results indicated that fresh water rinsing had no effect on patients’ skin pain, its use is
still not recommended.

Regarding vinegar (acetic acid) application, Fenner reported that 4-6% acetic acid can inhibit nematocyst discharge
in several common box jellyfish species, including Chironex fleckeri and Carybdea rastoni.”® Wilcox et al*° also found
that vinegar could inhibit nematocyst discharge in certain Physalia species. Conversely, other studies have shown that
vinegar may trigger nematocyst discharge and exacerbate pain.’%*° A systematic review including 19 studies on
jellyfish sting management concluded that vinegar application generally worsened pain from stings caused by most
jellyfish species, although it alleviated pain from stings by Physalia species.®

Our study revealed that hot compress or hot water immersion could relieve pain for jellyfish sting both in univariate
and multivariate analysis. Loten’s randomised controlled trial (RCT) showed that immersion in water at 45° C for
20 minutes is an effective treatment for relieving pain from compared with ice pack application.’' Compared with cold or
ice treatment, hot compresses are safer and more effective in alleviating localized pain.?’*? Ward et al believed that for
common jellyfish stings in North America and Hawaii, hot compresses could improve the symptoms of the patients stung
by jellyfish® A meta-analysis of seven trials (435 participants) showed that hot water more effectively relieved pain from
stings by Physalia species (portuguese man-of-war or bluebottle jellyfish).! However, Isbister et al RCT conducted that
hot water immersion was no more effective than icepacks for reducing the acute pain of box jellyfish stings®® Hot
compresses may denature thermolabile proteins in jellyfish venom, thereby alleviating pain and limiting local tissue
damage. Despite the high quality of Isbister’s study, its sample size was small (with only 42 cases in total). Therefore, the
use of hot compresses is still recommended.

This study reveled that the aggravation of pain is also associated with the prolong of time interval between sting and
medical treatment (P < 0.001 both in univariate and multivariate analysis). An ROC curve with AUC of 0.654 and 0.846
and a cut-off value of 28.000 (min) indicating that patients stung by jellyfish should receive medical treatment as soon as
possible. However, this may be delayed due to logistics and transportation time. Although no study reported the shorten
and appropriate time interval between sting and medical treatment, Wang’s study illustrated that the delayed jellyfish
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envenomation syndrome (DJES) with severe multiple organ dysfunction or systemic damage usually occurs 2 hours after
being stung by a jellyfish.**

Pharmacological Treatment

DeClerck et al*> conducted studies using both human and in vitro models and found that wet compresses with sodium
bicarbonate solution for 30 to 60 minutes not only prevented nematocyst discharge but also significantly reduced skin
erythema. Other studies have confirmed that sodium bicarbonate solution can inhibit nematocyst discharge in
Nemopilema nomurai and demonstrates therapeutic efficacy for jellyfish stings.>**° Pek et al’s systematic review and
meta-analysis further indicated that topical application of lidocaine gel can alleviate local skin symptoms, including
pain.*’” Similarly, Birsa et al*> reported that applying 10% or 15% lidocaine hydrochloride solution to the skin of sting
victims provided immediate pain relief and significantly reduced the area of erythema and swelling. In the present study,
data on pharmacological interventions administered during emergency department treatment were not collected.
Therefore, future research should focus on evaluating the effects of pharmacological therapies on pain management in
patients with jellyfish stings.

Given that tourists constitute the majority of affected individuals, specific preventive measures should be implemen-
ted in high-risk areas. These include: (1) installing warning signs at beaches during peak jellyfish seasons to alert visitors
of potential hazards; (2) providing easily accessible first-aid stations with clear instructions for appropriate initial
management; (3) training lifeguards and beach personnel in proper jellyfish sting first aid; and (4) distributing educa-
tional materials to tourists upon beach entry, emphasizing the importance of protective clothing and appropriate response
protocols. Such targeted interventions may help reduce the incidence and severity of jellyfish stings among this
vulnerable population.

Limitation

This study has several limitations. The study population design limits causal inference, as the associations identified
between risk factors and pain severity should be interpreted as correlational rather than causal. First, the cross-sectional
design limits causal inference, as the associations identified between risk factors and pain severity should be interpreted
as correlational rather than causal. Second, participants’ understanding of the pain index may have varied, highlighting
the need for trained personnel to educate and assist patients in completing the assessment accurately. Third, all data were
self-reported, which may be subject to recall bias. Fourth, this study did not identify the specific jellyfish species
responsible for the stings, which is a significant limitation given that different species possess venoms with varying
compositions, toxicities, and optimal treatment approaches. Fifth, the non-pharmacological interventions recorded in this
study were self-administered by patients before presenting to the hospital, and there was no standardization of these first-
aid measures in terms of duration, technique, or water temperature for hot immersion. This lack of standardization may
have introduced variability in the effectiveness of these interventions. Sixth, patients’ self-treatment decisions may have
been influenced by their pain levels, prior knowledge, or access to first-aid resources at the beach, potentially introducing
selection bias.

Conclusion

This cross-sectional survey revealed that jellyfish stings are a common occurrence on the beaches of the South China Sea
in China, with tourists comprising the majority of affected individuals. This finding may be attributable to tourists’
limited awareness of local marine hazards and their tendency to engage in recreational water activities without adequate
protective measures.

To reduce pain and prevent complications, several practical recommendations emerge from our findings. First,
individuals entering the sea should wear protective clothing, with particular attention to the face, neck, and chest —
areas identified in our multivariate analysis as being independently associated with more severe pain. The vulnerability of
these anatomical sites likely relates to thinner skin and higher nerve ending density, which may amplify pain perception
upon envenomation.
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Second, following a sting, the affected area should be rinsed with seawater (rather than fresh water, which may trigger
further nematocyst discharge), and hot compresses or hot water immersion can be applied to alleviate pain. The
therapeutic effect of heat is biologically plausible, as elevated temperatures can denature the thermolabile proteins in
jellyfish venom, thereby reducing pain and limiting local tissue damage.

Third, the time interval from sting to medical treatment emerged as a critical modifiable factor. For patients presenting
with skin edema or bleeding, prompt medical treatment —preferably within the 28-minute window identified by our
ROC analysis—is strongly recommended to reduce pain and prevent secondary infection. This finding underscores the
importance of timely access to professional care and supports the establishment of first-aid protocols at coastal
recreational areas.
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