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Abstract: Rhizostoma pulmo is a widely distributed scyphozoan in the Mediterranean Sea. Their stings
result mainly in erythema, small vesicles, or/and pain, and cause a high number of bathers to seek
assistance from first-aid services during the summer season. Despite the threat that jellyfish stings
represent to public health, there is disagreement in the scientific community on first-aid protocols,
with the dispute largely centered around the effectiveness of vinegar. In the present research, we
investigated the effect of commonly used rinse solutions on nematocyst discharge in R. pulmo and
the effect of vinegar on three more scyphozoans (Aurelia sp., Cassiopea sp., and Rhizostoma luteum).
Scented ammonia, vinegar, and acetic acid triggered nematocyst discharge in R. pulmo. Vinegar
also caused nematocyst discharge in Aurelia sp., Cassiopea sp., and R. luteum. In contrast, seawater,
baking soda, freshwater, urine, and hydrogen peroxide were considered neutral solutions that did not
induce nematocyst discharge. These results indicate that the use of vinegar, acetic acid, or commercial
products based on these compounds is counterproductive. Their use can worsen pain and discomfort
caused not only by R. pulmo stings but also by those of any scyphozoan. The use of seawater is
recommended for cleaning the R. pulmo sting site until an inhibitor solution that irreversibly prevents
nematocyst discharge is discovered.

Keywords: cnidarian; cnidocyst; cnidocyte; first-aid protocol; nematocyst discharge; pain; Scyphozoa
class; venom

1. Introduction

Around 150 million people worldwide are exposed annually to jellyfish [1], repre-
senting a serious public health problem in some places [2]. The Cnidaria phylum, which
includes jellyfish, is considered the oldest lineage of venomous animals [3]. Their toxicity is
associated with the presence of cells unique to the phylum and known as cnidocytes [4,5].
The accidental encounter between jellyfish and humans triggers cnidocyst activation, a
subcellular-enclosed capsule within cnidocytes with a mixture of toxins [5], causing stings
in users of the marine environment [2,6–8]. Although encounters with animals belonging
to the Cubozoa and Hydrozoa classes result in more serious envenomation [9,10], systemic
effects and potentially fatal reactions can occur in the Scyphozoa class (“true jellyfish”) [9].
Sting severity varies across scyphozoan jellyfish species [11], but stings are generally char-
acterized by low to moderate pain and cutaneous lesions [10,11]. Despite scyphozoan
stings rarely requiring hospitalization [11–14], they often require first aid from lifeguard
services [2,7,14–16] and, in some cases, medical attention [2,14,17,18].

After a cnidarian sting, there is a set of actions that can help to lessen the sting, with
two clear objectives among the scientific community: (1) prevention of further cnidocyst
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discharge by cleaning the sting area with a rinse solution (e.g., seawater, vinegar, ammonia),
and (2) limiting the action of the venom in terms of pain and tissue damage (e.g., heat,
cold) [10]. While the goals of the guidelines seem to have consensus, disputes are mainly
centered around the effectiveness of rinse solutions [9,10,19].

Vinegar is a well-known folk remedy employed as a rinse solution on the skin for
cleaning off residual cnidocytes, but this recommendation is largely based on empirical
knowledge [9,20]. While some research groups support the use of vinegar for cubozoans,
hydrozoans, and scyphozoans [21], research aimed at clarifying its use in scyphozoan
first-aid protocols warns against and contraindicates its use [22–25]. Although efficacy
trials of vinegar or acetic acid for scyphozoans showed nematocyst discharge in many
species [22–25], the most recent reviews on the topic called for further research [9,10].

In the Mediterranean region, the scyphozoan Rhizostoma pulmo is widely distributed
throughout the basin and is the most common species in the western half [26]. Reports
of blooms of this species have been frequent, even reporting very high abundances in
some areas in recent years [26–28], with important socio-economic effects on some human
activities such as tourism due to beach closures and human stings. In Spain, and specif-
ically on the Catalonian coast, both R. pulmo and Pelagia noctiluca are the main jellyfish
responsible for stings requiring first aid from lifeguard services during the bathing sea-
son, reaching thousands of incidents per season [16,29]. Collectively, their four different
types of nematocysts (heterotrichous microbasic euryteles, holotrichous isorhizas, atric-
hous a-isorhizas, and atrichous α-isorhizas) produce a medium-severity sting involving
local reactions such as erythema, small blisters, or/and pain [30–32]. Despite their high
frequency in the Mediterranean Sea [26,27] and the high incidence of stings in bathers on
some beaches, even exceeding the number seeking first aid for P. noctiluca stings [29], no
research has been carried out on the efficacy of the rinsing solutions used in the first-aid
protocol after their sting.

In order to avoid the extrapolation of results from other jellyfish species, our research
aimed to achieve two clear objectives: (1) elaborate a species-specific first-aid protocol
for R. pulmo; and (2) increase knowledge about the efficacy and role of vinegar in the
nematocyst discharge in Aurelia sp. (mild-severity), Cassiopea sp. (mild-severity), and
Rhizostoma luteum (medium-severity) [32]. These last three species were chosen because
they are species belonging to the Scyphozoa class [32] and for which the effect of vinegar on
the discharge of nematocysts is not known [32]. In this way, it is intended to know the effect
of vinegar on species not previously evaluated, increasing the number of Scyphomedusae
evaluated. This study contributes to the field of jellyfish sting management as it is the first
study that evaluates the response of R. pulmo stinging cells to the different commonly used
rinse solutions as well as the effect of vinegar on the nematocyst discharge from Aurelia sp.,
Cassiopea sp., and R. luteum. In addition, this research contributes to knowing the efficacy
and role of vinegar in the first-aid protocols after scyphozoan jellyfish stings.

2. Materials and Methods
2.1. First-Aid Protocol Experiments
2.1.1. Jellyfish Origin

Newly released ephyrae from R. pulmo, Cassiopea sp., and Aurelia sp. polyps were
obtained through the natural strobilation process at the Institute of Marine Sciences (ICM-
CSIC, Barcelona, Spain) and the Institute of Environment and Marine Science Research
(IMEDMAR-UCV, Calpe, Spain). Ephyrae were grown in captive conditions to reach a
juvenile stage. Individuals were fed ad libitum every day with Brachionus sp. (rotifers) and
enriched Artemia sp. nauplii. R. luteum were collected from the beaches of Malaga (Spain)
in August 2021 by lifeguard staff.

2.1.2. Tentacle Solution Assay (TSA)—Nematocyst Discharge

The nematocyst response for R. pulmo was evaluated in the presence of eight rinse
solutions: seawater (used as a control, locally collected and 10 µm filtered), vinegar (white
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vinegar, labeled: 6% acetic acid, Vivó Brand, Vinagres Parras S.A, Toledo (Spain)), 5% acetic
acid (CAS Number: 64-19-7, Sigma-Aldrich Company, Merck Group, Darmstadt, Germany)
in freshwater (tap water), scented ammonia (Bosque Verde Brand, The SPB Global Corpora-
tion S.L, Valencia, Spain), 10% baking soda (Hacendado Brand, Mercadona S.A, Barcelona,
Spain) in seawater (locally collected and 10 µm filtered), freshwater (tap water), urine
(freshly collected from a volunteer, pH = 5.80), and hydrogen peroxide (3% w/v hydrogen
peroxide, Montplet Brand, Laboratorios Montplet S.A.U, Barcelona, Spain). In the case of
Aurelia sp., Cassiopea sp., and R. luteum, only seawater (used as control, locally collected and
10 µm filtered) and vinegar (white vinegar, labeled: 6% acetic acid, Vivó Brand, Vinagres
Parras S.A., Toledo, Spain) were used.

Due to the morphological variety among the Scyphozoa class, the study areas differed
between species: the exumbrella for R. pulmo and Cassiopea sp. (Order: Rhizostomeae), the
end of the appendages for R. luteum (Order: Rhizostomeae), and the marginal tentacles for
Aurelia sp. (Order: Semaeostomeae).

Jellyfish pieces from several individuals (R. pulmo = 40 individuals, Aurelia sp. =
5 individuals, Cassiopea sp. = 10 individuals, and R. luteum = 3 individuals) were transferred
to slides (76 × 26 mm). After the experiments had begun, pieces were observed under a
light microscope to ensure the integrity of the nematocyst batteries. Afterward, 15 µL of
each solution were applied to determine the effect on nematocyst discharge for a period of
30 s.

The nematocyst response was classified qualitatively into four categories according to
the discharge scale of Pyo et al. (2016) [22]:

1. 0: no discharge observed;
2. +: low discharge of nematocysts;
3. ++: medium discharge of nematocysts;
4. +++: maximum discharge of nematocysts.

Then, the effect of the rinse solution was classified into one of the following two
categories:

1. Activator effect solution: nematocysts were activated after the application of the
solution;

2. Neutral effect solution: nematocysts were not activated after the application of the
solution.

3. Results
3.1. Response of Rhizostoma pulmo Nematocysts to Rinse Solutions

In order to determine the efficacy of eight commonly used rinse solutions (seawater,
vinegar, 5% acetic acid in freshwater, scented ammonia, 10% baking soda mixed in seawater,
freshwater, urine, and hydrogen peroxide), nematocyst discharge was evaluated after their
application (Table 1).

Table 1. Rhizostoma pulmo nematocyst response after the application of different rinse solutions com-
monly recommended in first-aid protocols. The number of replicates was 10 for each rinse solution.

Rinse Solution Discharge 1 Effect 2

Seawater (control) 0 Neutral
Vinegar ++ Activator
5% acetic acid in freshwater ++ Activator
Scented ammonia +++ Activator
10% baking soda mixed in seawater 0 Neutral
Freshwater 0 Neutral
Urine 0 Neutral
Hydrogen peroxide 0 Neutral

1 Nematocyst discharge categories: 0 = no discharge was observed; ++ = medium discharge of nematocysts;
+++ = high discharge of nematocysts. 2 Rinse solution categories: neutral solution = nematocysts are not activated
after the application of the solution; activator solution = nematocysts are activated after the application of
the solution.



Int. J. Environ. Res. Public Health 2023, 20, 2344 4 of 9

Seawater, 10% baking soda mixed in seawater, freshwater, urine, and hydrogen per-
oxide did not trigger nematocyst discharge in R. pulmo (Figure 1A,E–H), thus they were
classified as neutral rinse solutions (Table 1). Rinse solutions of vinegar and 5% acetic
acid produced medium discharge, and scented ammonia triggered immediate and massive
discharge (Table 1). (Figure 1B–D, red arrows). Therefore, they were considered activator
rinse solutions (Table 1).
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Figure 1. Nematocyst response of Rhizostoma pulmo after the application of (A) seawater (control),
(B) vinegar, (C) 5% acetic acid, (D) scented ammonia, (E) 10% baking soda mixed in seawater,
(F) freshwater, (G) urine, and (H) hydrogen peroxide. Note that nematocyst discharge (red arrows)
occurred with (B) vinegar, (C) 5% acetic acid, and (D) scented ammonia. Scale bars: 50 µm.

3.2. Response of Aurelia sp., Cassiopea sp., and Rhizostoma luteum Nematocysts to Vinegar

The effect of vinegar, the compound that generates the most debate and controversy
in first-aid protocols, was tested in three other scyphozoan species (Table 2). Seawater was
used as a control (Table 2).

Table 2. Nematocyst response in scyphozoan jellyfish after the application of seawater (control) and
vinegar. The number of replicates was ten for each rinse solution in Aurelia sp. and Cassiopea sp., and
three in Rhizostoma luteum.

Aurelia sp.

Rinse Solution Discharge 1 Effect 2

Seawater (control) 0 Neutral
Vinegar ++ Activator

Cassiopea sp.

Rinse solution Discharge 1 Effect 2

Seawater (control) 0 Neutral
Vinegar ++ Activator

Rhizostoma luteum

Rinse solution Discharge 1 Effect 2

Seawater (control) 0 Neutral
Vinegar ++ Activator

1 Nematocyst discharge categories: 0 = no discharge was observed; ++ = medium discharge of nematocysts.
2 Rinse solution categories: neutral solution = nematocysts are not activated after the application of the solution;
activator solution = nematocysts are activated after the application of the solution.
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Vinegar triggered rapid nematocyst discharge in all the scyphozoans (Figure 2D–F,
red arrows), and so it was classified as an activator rinse solution (Table 2). However,
seawater did not induce nematocyst discharge in Aurelia sp., Cassiopea sp., and R. luteum
(Figure 2A–C). It was considered a neutral rinse solution (Table 2).
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4. Discussion

Scyphozoan jellyfish stings are a human health hazard in the Mediterranean Sea [2,7,14,16].
Among them, R. pulmo stings have a high incidence in beach-goers [14,16] due to their
wide distribution in the Mediterranean basin [26] and have a medium sting severity [32].
Despite the threat that jellyfish stings represent, systematic reviews have shown a lack of
knowledge about the efficacy of rinse solutions used after scyphozoan jellyfish stings in
general [10] and R. pulmo in particular [10,11,13,19]. For the first time, we evaluated the
efficacy of different rinse solutions following a R. pulmo sting. Vinegar, 5% acetic acid, and
scented ammonia were identified as activating solutions, while seawater, 10% baking soda
mixed in seawater, freshwater, urine, and hydrogen peroxide were classified as neutral
solutions that did not trigger nematocyst discharge (Table 1).

Vinegar or acetic acid solutions are rinse solutions commonly recommended for
cleaning the sting area after a cnidarian sting [10,21,33]. In the present study, immediate
nematocyst discharge was observed after the application of vinegar and acetic acid to
R. pulmo (Figure 1B,C and Table 1). Thus, we conclude that the use of these rinse solutions
is detrimental to the removal of tissue and residual cnidocytes after an R. pulmo sting.

The most recent review on jellyfish sting first-aid assistance and treatments suggested
further research to clarify the role of vinegar in scyphozoan first-aid guidelines [9,10]. In
the present study, in addition to R. pulmo, the nematocysts of Aurelia sp., Cassiopea sp., and
R. luteum were also activated after the application of vinegar (Figure 2D–F and Table 2).
In previous studies, vinegar or acetic acid promoted discharge in scyphomedusae such as
Chrysaora quinquecirrha [25], Cyanea capillata [24,34], Nemopilema nomurai [22], and P. noc-
tiluca [23,35]. Overall, the scientific evidence contraindicates rinsing the sting area with
vinegar, acetic acid, or commercial products based on these compounds for the Scyphozoa
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class. Our results demonstrate that its use is detrimental in scyphozoan first-aid proto-
cols, in contrast to its wide and consensual acceptance to prevent the discharge of unfired
nematocysts of cubozoans [22,23,33,36]. Class-specific, or even species-specific, first-aid
protocols should be considered when making recommendations on the first-aid protocols
for cnidarian stings, with special emphasis on this contraindication for the Scyphozoa class.

Urine, urea, or ammonia are well-known folk remedies for treating jellyfish stings [10,11].
On the Italian coast, 59.3% of non-pharmacological treatment consisted of washing the
sting area with ammonia [14]. Conversely, ammonia has been recognized as a solution
that causes cnidocyst discharge in Scyphozoa, Hydrozoa, Cubozoa, and Anthozoa [8,25,37].
In the present research, scented ammonia was also considered an activator solution for R.
pulmo (Figure 1D and Table 1), in agreement with the findings of Birsa et al. (2010) [25] for
C. quinquercirrha. In contrast, unfired nematocysts were observed after the application of
urine (Figure 1G), as reported in previous research [25,35]. Our results are in contrast to
those of Doyle et al. (2017) [21] in C. capillata; therefore, in order to clarify the role of urine,
further research with other scyphozoan species is needed.

Rinsing with deionized, distilled, or freshwater has been contraindicated due to the
induction of discharge by osmotic pressure [38]. Nevertheless, methods that have directly
evaluated the effect on cnidocyst discharge (e.g., Tentacle Solution Assay [33]) have shown
no solid evidence to support this contraindication [8,22,25,33,35,39]. Pyo et al. (2016) [22]
did not observe discharge after the application of distilled water in both the cubozoan
Carybdea mora and the scyphozoan N. nomurai. Wilcox et al. (2017) [39] did not detect a
significant discharge for the hydrozoan Physalia utriculus, and Ballesteros et al. (2022) [8]
observed a low discharge for the anthozoan Anemonia viridis. Despite not inducing dis-
charge (Figure 1F and Table 1), deionized, distilled, and freshwater are widely used in
scientific experiments to isolate intact cnidocytes from the ectoderm of scyphozoans [40,41].
In any case, from the perspective of first-aid protocols, their use as rinsing solutions could
imply the potential detachment of residual tissue and subsequent cnidocyst activation by
mechanical effect. Hence, deionized, distilled, or freshwater are not recommended.

Compounds such as seawater, baking soda, and hydrogen peroxide have also been
tested previously [11]; in the present study, none of them produced discharge in R. pulmo
(Table 1). Baking soda promoted cnidocyst discharge in species of the Scyphozoa, Cubozoa,
Hydrozoa, and Anthozoa classes [8,36,39,42]. As a precautionary measure, the use of
baking soda was removed from a recent version of the Spanish Mediterranean first-aid
guidelines [32] until its role in the Scyphozoa class is clarified.

Seawater is a neutral solution in cnidarians (Tables 1 and 2) [8,21–23,33,39]. However,
discrepancies exist among the scientific community about its effectiveness as a rinse solu-
tion. Since seawater is not an inhibitor solution, researchers warn of cnidocyst activation if
the rinsing process causes them to roll on human skin, allowing inoculation with a second
venom load [21,23]. The area affected by a cnidarian sting must, above all, be cleaned with
an inhibitor solution to irreversibly prevent the discharge that triggers a second enveno-
mation. Although seawater is not an inhibitor solution, having excluded the activating
solutions per se (Table 1), seawater is recommended for cleaning the sting area of R. pulmo
as it is an easily accessible solution for rescue services and marine environment users. Due
to the paucity of studies in Scyphomedusae, knowledge on solutions that irreversibly pre-
vent the discharge of R. pulmo nematocysts is urgently needed to propose a safe framework
of action for stakeholders (e.g., beach-goers, lifeguards, and a centralized government) for
the first-aid assistance of these stings. To carry out the first steps of complete assistance,
this research recommends: (1) removing residual tissue with a rigid element (e.g., tweezers
or a credit card) and (2) cleaning the sting area with seawater. The use of vinegar as a rinse
solution is contraindicated because it is an activator solution. After cleaning the sting area
with seawater, the guidelines suggest (3) applying ice packs for 15 min in total (3 min of
application + 2 min of rest (×3)), and (4) if the pain persists, going to the nearest health
center for medical assistance [21,23].
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5. Conclusions

Rhizostoma pulmo blooms are frequent in some coastal areas; this is the main jellyfish
responsible for stings requiring first aid from lifeguard services during the bathing season.
Despite the high incidence of stings in bathers, no research has been carried out on the
efficacy of the rinsing solutions used in the first-aid protocol after their sting. Our research
shows how vinegar, 5% acetic acid, and scented ammonia produce nematocyst discharge,
and they are not recommended for cleaning the sting site after R. pulmo stings. On the
contrary, 10% baking soda mixed in seawater, freshwater, urine, and hydrogen peroxide
does not produce nematocyst discharge after its application. Of all of them, seawater is
recommended as it is an easily accessible solution for rescue services and marine environ-
ment users. However, this research highlights the need to find an inhibitory rinse solution
to replace seawater (a neutral solution).

Finally, the use of vinegar is not recommended for cleaning the sting area of scypho-
zoan jellyfish stings, as its application produces nematocyst discharge, not only in R. pulmo
but also in Aurelia sp., Cassiopea sp., and Rhizostoma luteum. The sting of these jellyfish
species could worsen with the use of an activator rinse solution that increases the venom
load during the cleaning step in first-aid protocols.

Author Contributions: Conceptualization, original manuscript—writing and editing, laboratory
tests, and data analysis, A.B.; manuscript—revision and contributed to its improvement, M.M., C.T.,
J.T.-M., E.J. and J.-M.G. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by ISDIN (Barcelona, Spain).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data sharing is not applicable. In this study, no new data were created
or analyzed.

Acknowledgments: The authors would like to thank Guillem La Casta, Elena Orero, Alejandro
Molera, and Paloma Marín for their assistance in the experiments. Many thanks as well to the
lifeguards of Málaga (Spain) for their effort and willingness to collect Rhizostoma luteum jellyfish, as
well as Jesús Bellido from the Aula del Mar—Acuario Museo Alborania for his cooperation. The
authors A.B., M.M., and J.-M.G. acknowledge the institutional support of the ‘Severo Ochoa Centre
of Excellence’ accreditation (CEX2019-000928-S).

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Boulware, D.R. A Randomized, Controlled Field Trial for the Prevention of Jellyfish Stings With a Topical Sting Inhibitor. J. Travel

Med. 2006, 13, 166–171. [CrossRef]
2. De Donno, A.; Idolo, A.; Bagordo, F.; Grassi, T.; Leomanni, A.; Serio, F.; Guido, M.; Canitano, M.; Zampardi, S.; Boero, F.; et al.

Impact of Stinging Jellyfish Proliferations along South Italian Coasts: Human Health Hazards, Treatment and Social Costs. Int. J.
Environ. Res. Public Health 2014, 11, 2488–2503. [CrossRef]

3. Jouiaei, M.; Yanagihara, A.A.; Madio, B.; Nevalainen, T.J.; Alewood, P.F.; Fry, B.G. Ancient Venom Systems: A Review on Cnidaria
Toxins. Toxins 2015, 7, 2251–2271. [CrossRef] [PubMed]

4. Östman, C. A guideline to nematocyst nomenclature and classification, and some notes on the systematic value of nematocysts.
Sci. Mar. 2000, 64, 31–46. [CrossRef]

5. Fautin, D.G. Structural diversity, systematics, and evolution of cnidae. Toxicon 2009, 54, 1054–1064. [CrossRef]
6. Al-Rubiay, K.; Al-Musaoi, H.; Alrubaiy, L.; Al-Freje, M. Skin and Systemic Manifestations of Jellyfish Stings in Iraqi Fishermen.

Libyan J. Med. 2009, 4, 75–77. [CrossRef]
7. Mghili, B.; Analla, M.; Aksissou, M. Epidemiology of the cnidarian Pelagia noctiluca stings on Moroccan Mediterranean beaches.

Trop. Dr. 2020, 50, 322–325. [CrossRef]
8. Ballesteros, A.; Salazar, J.; Marambio, M.; Tena, J.; García-March, J.R.; López, D.; Tellez, C.; Trullas, C.; Jourdan, E.; Granger, C.;

et al. Trial Assay for Safe First-Aid Protocol for the Stinging Sea Anemone Anemonia viridis (Cnidaria: Anthozoa) and a Severe
Toxic Reaction. Toxins 2022, 14, 27. [CrossRef] [PubMed]

9. Cunha, S.A.; Dinis-Oliveira, R.J. Raising Awareness on the Clinical and Forensic Aspects of Jellyfish Stings: A Worldwide
Increasing Threat. Int. J. Environ. Res. Public Health 2022, 19, 8430. [CrossRef]

http://doi.org/10.1111/j.1708-8305.2006.00036.x
http://doi.org/10.3390/ijerph110302488
http://doi.org/10.3390/toxins7062251
http://www.ncbi.nlm.nih.gov/pubmed/26094698
http://doi.org/10.3989/scimar.2000.64s131
http://doi.org/10.1016/j.toxicon.2009.02.024
http://doi.org/10.3402/ljm.v4i2.4815
http://doi.org/10.1177/0049475520936850
http://doi.org/10.3390/toxins14010027
http://www.ncbi.nlm.nih.gov/pubmed/35051004
http://doi.org/10.3390/ijerph19148430


Int. J. Environ. Res. Public Health 2023, 20, 2344 8 of 9

10. Remigante, A.; Costa, R.; Morabito, R.; La Spada, G.; Marino, A.; Dossena, S. Impact of Scyphozoan Venoms on Human Health
and Current First Aid Options for Stings. Toxins 2018, 10, 133. [CrossRef] [PubMed]

11. Montgomery, L.; Seys, J.; Mees, J. To Pee, or Not to Pee: A Review on Envenomation and Treatment in European Jellyfish Species.
Mar. Drugs 2016, 14, 127. [CrossRef]

12. Kingsford, M.J.; Becken, S.; Bordehore, C.; Fuentes, V.L.; Pitt, K.A.; Yangihara, A.A. Empowering Stakeholders to Manage Stinging
Jellyfish: A Perspective. Coast. Manag. 2018, 46, 1–18. [CrossRef]

13. Cegolon, L.; Heymann, W.C.; Lange, J.H.; Mastrangelo, G. Jellyfish Stings and Their Management: A Review. Mar. Drugs 2013, 11,
523–550. [CrossRef]

14. De Donno, A.; Idolo, A.; Bagordo, F. Epidemiology of jellyfish stings reported to summer health centres in the Salento peninsula
(Italy). Contact Dermat. 2009, 60, 330–335. [CrossRef]

15. Bordehore, C.; Alonso, C.; Sánchez-Fernández, L.; Canepa, A.; Acevedo, M.; Nogué, S.; Fuentes, V.L. Lifeguard assistance at
Spanish Mediterranean beaches: Jellyfish prevail and proposals for improving risk management. Ocean Coast. Manag. 2016, 131,
45–52. [CrossRef]

16. Canepa, A.; Fuentes, V.; Sabatés, A.; Piraino, S.; Boero, F.; Gili, J.-M. Pelagia noctiluca in the Mediterranean Sea. In Jellyfish Blooms;
Pitt, K., Lucas, C., Eds.; Springer: Dordrecht, The Netherlands, 2013; pp. 237–266. [CrossRef]

17. Simmons, B.J.; Griffith, R.D.; Falto-Aizpurua, L.A.; Nouri, K. Moon Jellyfish Stings. JAMA Dermatol. 2015, 151, 453–454. [CrossRef]
18. Friedel, N.; Scolnik, D.; Adir, D.; Glatstein, M. Severe anaphylactic reaction to mediterranean jellyfish (Ropilhema nomadica)

envenomation: Case report. Toxicol. Rep. 2016, 3, 427–429. [CrossRef]
19. Killi, N.; Mariottini, G.L. Cnidarian Jellyfish: Ecological Aspects, Nematocyst Isolation, and Treatment Methods of Sting. In

Marine Organisms as Model Systems in Biology and Medicine. Results and Problems in Cell Differentiation; Kloc, M., Kubiak, J., Eds.;
Springer: Cham, Switzerland, 2018; pp. 477–513. [CrossRef]

20. Bs, K.G.E.; Claire, K.S.; Daveluy, S.; Claire, M.K.S. Acetic acid and the skin: A review of vinegar in dermatology. Int. J. Dermatol.
2021, 61, 804–811. [CrossRef]

21. Doyle, T.K.; Headlam, J.L.; Wilcox, C.L.; MacLoughlin, E.; Yanagihara, A.A. Evaluation of Cyanea capillata Sting Management
Protocols Using Ex Vivo and In Vitro Envenomation Models. Toxins 2017, 9, 215. [CrossRef]

22. Pyo, M.-J.; Lee, H.; Bae, S.K.; Heo, Y.; Choudhary, I.; Yoon, W.D.; Kang, C.; Kim, E. Modulation of jellyfish nematocyst discharges
and management of human skin stings in Nemopilema nomurai and Carybdea mora. Toxicon 2016, 109, 26–32. [CrossRef]

23. Ballesteros, A.; Marambio, M.; Fuentes, V.; Narda, M.; Santín, A.; Gili, J.-M. Differing Effects of Vinegar on Pelagia noctiluca
(Cnidaria: Scyphozoa) and Carybdea marsupialis (Cnidaria: Cubozoa) Stings—Implications for First Aid Protocols. Toxins 2021, 13,
509. [CrossRef] [PubMed]

24. Fenner, P.J.; Fitzpatrick, P.F. Experiments with the nematocysts of Cyanea capillata. Med. J. Aust. 1986, 145, 174. [CrossRef]
[PubMed]

25. Birsa, L.M.; Verity, P.G.; Lee, R.F. Evaluation of the effects of various chemicals on discharge of and pain caused by jellyfish
nematocysts. Comp. Biochem. Physiol. Part C Toxicol. Pharmacol. 2010, 151, 426–430. [CrossRef]

26. Marambio, M.; Canepa, A.; Lòpez, L.; Gauci, A.; Gueroun, S.; Zampardi, S.; Boero, F.; Yahia, O.; Yahia, M.; Fuentes, V.; et al.
Unfolding Jellyfish Bloom Dynamics along the Mediterranean Basin by Transnational Citizen Science Initiatives. Diversity 2021,
13, 274. [CrossRef]

27. Leoni, V.; Bonnet, D.; Ramírez-Romero, E.; Molinero, J.C. Biogeography and phenology of the jellyfish Rhizostoma pulmo (Cnidaria:
Scyphozoa) in Southern European seas. Glob. Ecol. Biogeogr. 2021, 30, 622–639. [CrossRef]

28. Fuentes, V.; Straehler-Pohl, I.; Atienza, D.; Franco, I.; Tilves, U.; Gentile, M.; Acevedo, M.; Olariaga, A.; Gili, J.-M. Life cycle of the
jellyfish Rhizostoma pulmo (Scyphozoa: Rhizostomeae) and its distribution, seasonality and inter-annual variability along the
Catalan coast and the Mar Menor (Spain, NW Mediterranean). Mar. Biol. 2011, 158, 2247–2266. [CrossRef]

29. Marambio, M.; ICM-CSIC-Institute of Marine Sciences, Barcelona, Spain. Personal communication, 2022.
30. Avian, M.; DEL Negro, P.; Sandrini, L.R. A comparative analysis of nematocysts in Pelagia noctiluca and Rhizostoma pulmo from the

North Adriatic Sea. Hydrobiologia 1991, 216–217, 615–621. [CrossRef]
31. Kokelj, F.; Plozzer, C. Irritant contact dermatitis from the jellyfish Rhizostoma pulmo. Contact Dermat. 2002, 46, 179–180. [CrossRef]
32. Marambio, M.; Ballesteros, A.; López-Castillo, L.; Fuentes, V.; Gili, J.M. Guía de Identificación de Medusas y Otros Organismos

Gelatinosos; CSIC-Instituto de Ciencias del Mar (ICM): Barcelona, Spain, 2021. [CrossRef]
33. Yanagihara, A.A.; Wilcox, C.; King, R.; Hurwitz, K.; Castelfranco, A.M. Experimental Assays to Assess the Efficacy of Vinegar and

Other Topical First-Aid Approaches on Cubozoan (Alatina alata) Tentacle Firing and Venom Toxicity. Toxins 2016, 8, 19. [CrossRef]
34. Colin, S.; Costello, J.H. Functional characteristics of nematocysts found on the scyphomedusa Cyanea capillata. J. Exp. Mar. Biol.

Ecol. 2007, 351, 114–120. [CrossRef]
35. Ballesteros, A.; Trullas, C.; Jourdan, E.; Gili, J.-M. Inhibition of Nematocyst Discharge from Pelagia noctiluca (Cnidaria: Scyphozoa)—

Prevention Measures against Jellyfish Stings. Mar. Drugs 2022, 20, 571. [CrossRef] [PubMed]
36. Yanagihara, A.A.; Wilcox, C.L. Cubozoan Sting-Site Seawater Rinse, Scraping, and Ice Can Increase Venom Load: Upending

Current First Aid Recommendations. Toxins 2017, 9, 105. [CrossRef]
37. Ballesteros, A.; Marambio, M.; Fuentes, V.; Gili, J.-M. The use of a citizen science tool (IMEDJELLY App) to deliver first aid

protocols for Mediterranean jellyfish stings. In Proceedings of the VII International Symposium on Marine Sciences, Barcelona,
Spain, 1–3 July 2020.

http://doi.org/10.3390/toxins10040133
http://www.ncbi.nlm.nih.gov/pubmed/29570625
http://doi.org/10.3390/md14070127
http://doi.org/10.1080/08920753.2018.1405326
http://doi.org/10.3390/md11020523
http://doi.org/10.1111/j.1600-0536.2009.01561.x
http://doi.org/10.1016/j.ocecoaman.2016.08.008
http://doi.org/10.1007/978-94-007-7015-7_11
http://doi.org/10.1001/jamadermatol.2014.4644
http://doi.org/10.1016/j.toxrep.2016.03.006
http://doi.org/10.1007/978-3-319-92486-1_21
http://doi.org/10.1111/ijd.15804
http://doi.org/10.3390/toxins9070215
http://doi.org/10.1016/j.toxicon.2015.10.019
http://doi.org/10.3390/toxins13080509
http://www.ncbi.nlm.nih.gov/pubmed/34437380
http://doi.org/10.5694/j.1326-5377.1986.tb113787.x
http://www.ncbi.nlm.nih.gov/pubmed/2874476
http://doi.org/10.1016/j.cbpc.2010.01.007
http://doi.org/10.3390/d13060274
http://doi.org/10.1111/geb.13241
http://doi.org/10.1007/s00227-011-1730-7
http://doi.org/10.1007/BF00026521
http://doi.org/10.1034/j.1600-0536.2002.460313.x
http://doi.org/10.20350/DIGITALCSIC/13935
http://doi.org/10.3390/toxins8010019
http://doi.org/10.1016/j.jembe.2007.06.033
http://doi.org/10.3390/md20090571
http://www.ncbi.nlm.nih.gov/pubmed/36135760
http://doi.org/10.3390/toxins9030105


Int. J. Environ. Res. Public Health 2023, 20, 2344 9 of 9

38. Nogué, S.; Gili, J.M. Toxicidad por picadura de medusas. Jano 2006, 1816, 45–46.
39. Wilcox, C.L.; Headlam, J.L.; Doyle, T.K.; Yanagihara, A.A. Assessing the Efficacy of First-Aid Measures in Physalia sp. Envenoma-

tion, Using Solution- and Blood Agarose-Based Models. Toxins 2017, 9, 149. [CrossRef] [PubMed]
40. Helmholz, H.; Ruhnau, C.; Schütt, C.; Prange, A. Comparative study on the cell toxicity and enzymatic activity of two northern

scyphozoan species Cyanea capillata (L.) and Cyanea lamarckii (Péron & Léslieur). Toxicon 2007, 50, 53–64. [CrossRef]
41. Marino, A.; Crupi, R.; Musci, G.; La Spada, G. Morphological integrity and toxicological properties of Pelagia noctiluca (Scyphozoa)

nematocysts. Chem. Ecol. 2006, 22, S127–S131. [CrossRef]
42. Morabito, R.; Marino, A.; Dossena, S.; La Spada, G. Nematocyst discharge in Pelagia noctiluca (Cnidaria, Scyphozoa) oral arms can

be affected by lidocaine, ethanol, ammonia and acetic acid. Toxicon 2014, 83, 52–58. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.3390/toxins9050149
http://www.ncbi.nlm.nih.gov/pubmed/28445412
http://doi.org/10.1016/j.toxicon.2007.02.014
http://doi.org/10.1080/02757540600677757
http://doi.org/10.1016/j.toxicon.2014.03.002
http://www.ncbi.nlm.nih.gov/pubmed/24637105

	Introduction 
	Materials and Methods 
	First-Aid Protocol Experiments 
	Jellyfish Origin 
	Tentacle Solution Assay (TSA)—Nematocyst Discharge 


	Results 
	Response of Rhizostoma pulmo Nematocysts to Rinse Solutions 
	Response of Aurelia sp., Cassiopea sp., and Rhizostoma luteum Nematocysts to Vinegar 

	Discussion 
	Conclusions 
	References

