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ABSTRACT

Introduction: Jellyfish poisonings are frequent in coastal areas of temperate latitudes. In Spain, the most
frequent and dangerous jellyfish is the Portuguese man-of-war or Physalia physalis. Although the clinical
manifestations of P. physalis envenomation are known, the acute management and complications are
controversial, with varying criteria about proper treatment.

Materials and methods: This paper presents a systematic review of those studies that have collected clinical
aspects of the sting of P. physalis, as well as an experimental study that evaluates the discharge capacity
of nematocysts under different conditions (heated seawater at 50 °C, 4 °C seawater, distilled water, 25%
commercial vinegar, distilled water, 25% commercial vinegar in seawater) as a proxy for envenomation
potential including in sea lice. Also, discharged and undischarged nematocyst count was performed in air-
-dried tentacles at different times after specimen collection.

Results. Acetic acid does not produce nematocyst discharge when diluted in seawater and warm seawater
is an optimal rinsing agent that dissolves the jellyfish mesoglea. Furthermore, the nematocysts detached
from the jellyfish body maintain toxic capacity for at least 120 days after the stranding of the organism.
Conclusions. Most controversy regarding the treatment of P. physalis envenomation is related to the lack
of proper species stratification or identification. In our sample, acetic acid does not elicit nematocyst di-
scharge by itself, but depending on the solvent. Both vinegar and hot seawater rinses are the best first-aid
treatments. A first aid protocol is proposed based on data from the review and the experimental study.

(Int Marit Health )
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INTRODUCTION — Scyphozoa or ,true” jellyfish, radially organized and com-

According to fossil data, cnidarians (from the Greek mon worldwide.
LKnide” = nettle) are the oldest venomous animals on Earth. — Cubozoa, with a cube or box shape and tentacles at
They were the first to develop ways of injecting toxins into the corners. They are the most dangerous and inhabit
their prey some 600 million years ago, in the Ediacaran tropical and subtropical waters.
period [1]. — Hydrozoa. They are not true jellyfish. This group includes

Cnidarians are divided into several classes: Anthozoa, Gonionemus and Physalia sp.
Cubozoa, Hydrozoa, Scyphozoa, Myxozoa, Polypodiozoa Jellyfish arrive every year to the more than 8,000 kilome-
and Staurozoa. Among these, four are the ones that pose ters of Spanish coastline. The most frequent are the “fried
a danger to humans [2]: egg” jellyfish (Cotylorhiza tuberculate), the luminescent jelly-
— Anthozoa, which includes sea corals and anemones. fish (Pelagia noctiluca), the aquamala (Rhyzostoma plumo),
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Figure 1. Drawings by Elena Bafion. A. Physalia physalis. Pneumatophore (p), gonadozooid (gn), gastrozooid (gt), dactylozooid (d).
B. nematocysts as seen under the microscope. Charged (left) and discharged (right)

the common jellyfish (Aurelia aurita), the “compass” jellyfish
(Chrysaora hysoscella), the Portuguese man-of-war (Physalia
physalis), the “little sail” (Velella velella), the Aequorea (Ae-
quorea forskalea), the cubomedusa or “hornet” (Carybdea
marsupialis) and the American ctenophore (Mnemiopsis
leidyi) (source: INE, miteco.gob.es). Tourists and locals fre-
quent the coasts throughout the year, exposing themselves
to jellyfish stings. Of the above mentioned, the most wor-
risome is P. physalis, due to its high toxicity and frequent
presence on beaches. Carybdea marsupialis is also dan-
gerously toxic, but as it lives at depths of more than -20 m
it does not usually reach the coast, except in exceptional
occasions. Therefore, we will focus on the genus Physalia.

As previously mentioned, it is not truly a jellyfish but for clin-
ical, practical and informative purposes it is usually treated
as such. Each Physalia ,individual” is a colony of 4 kinds
of hydrozoa, each of which performs a function (Fig. 1A).
One group forms the pneumatophore, a gas-filled bladder
which serves as a floater and sail. The second group are
the gonozooids, which produce gametes for reproduction.
The third group are the gastrozooids, specialized in feeding.
Dactylozooids are the long, deadly tentacles armed with
nematocysts which serve a defensive function [3].

These nematocysts (also cnida) are intracellular
vesicles that eject their tubules, when subjected to cer-
tain physical or chemical conditions (Fig. 1B), and inject
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powerful toxins into their prey or the unfortunate bather
[2]. Inthe case of P. physalis, these include phospholipase
A2, phospholipase B, collagenase, elastases, PpV19.3,
PpVv9.4, P3, P41, physalotoxin, DNase and histamine [4].
Moreover, the mini-collagen glycoproteins and polysaccha-
rides that form the wall of the cnida may elicit separate
sensitivity responses whose intensity depends not only on
the jellyfish itself but also on the victims ~ characteristics,
including genetics [5, 6].

It is important to note that contact with the tentacles is
not essential for envenomation, as free nematocysts (“sea
lice”) retain their activity for an unknown period of time.
Cases of envenomation have even been reported after
contact with nudibranchs, who store nematocysts and use
them for their own defense [7].

Cnidocyte and nematocyte are synonyms, meaning the
cells that contain these cnidae or nematocysts.

Physalia individuals cannot actively swim, but rather
float at the mercy of wind and currents [8]. The crest or sail
is tilted to different angles in some individuals as a survival
mechanism, to avoid the stranding of all of them at the same
time and place [2]. The genus Physalia includes two species:
— P. physalis, with a floating part up to 25 cm and long

tentacles up to 30 m [9]. It is distributed in the Atlantic

and Pacific oceans.
— P. utriculus, smaller in size, with only one long tentacle.

It lives exclusively in the Pacific Ocean [10].

The incidence of P. physalis stings is difficult to estimate,
partly because there is no worldwide registry of cases, but
also because it is often difficult to determine the causative
agent of a sting. After the sting, an erythema most com-
monly develops following the distribution of the tentacles
and evolves into an urticarial rash, accompanied by burning
pain and in some cases systemic symptoms. Multiple com-
plex delayed syndromes have been published in literature,
as well as isolated cases of fatal stings.

However, there is still debate about the optimal man-
agement and treatment. This is because most jellyfish
sting studies do not include information stratified by spe-
cies and therefore yield contradictory data. On the other
hand, existing experimental studies on the discharge
of P. physalis nematocysts under different conditions
are scarce and lack internal control. Therefore, a sys-
tematic review of the literature is proposed to elucidate
the specific aspects of the management of P. physalis
stings, as well as an experimental study of the response
of the nematocyst to different treatments available
in the out-of-hospital setting.

OBJECTIVES
— To establish the specific aspects of the clinical evolution
and treatment of the sting of Physalia physalis.

— To evaluate, by an in-vitro experiment, the variations
of nematocyst discharge under several conditions tra-
ditionally used as first-aid measures, and at different
times.

— Toelaborate an updated actuation protocol for the first-
aid of Physalia physalis stings.

MATERIALS AND METHODS
REVIEW

A literature search was performed in PubMed using
the terms (jellyfish OR physal*) AND (sting OR venom OR
poison*). A second search was carried out using colloquial
terms: (man-of-war OR man o’war OR physal*) AND (sting
OR poison* OR venom*).

A systematic review was carried out on all published
cases after applying the inclusion and exclusion criteria, fo-
cusing on clinical manifestations and treatment at different
stages of the disease.

Inclusion criteria:

— Articles on P. physalis sting.

— Clinical studies dealing with first-aid treatments for P.
physalis stings.

— Experimental in-vitro studies dealing with first-aid treat-
ments for P. physalis stings.

Exclusion criteria:

— Articles where jellyfish species is not specified.

— Articles from species other than P. physalis.

— Publications that do not include sting cases (guidelines,
non-systematic reviews, letters to the editor, short com-
munications, or editorial correspondence that do not
include patient data).

— Experimental studies on animals other than Homo sa-
piens.

— Experimental studies that freeze, break or anyhow alter
P. physalis toxins.

— Articles not available in English, Spanish or Portuguese.

EXPERIMENTAL STUDY

Physalia physalis colonies stranded on the coast of La
Palma island were collected from January to April 2023 us-
ing long wooden tweezers and leather gloves (as nematocyst
discharge can pass through nitrile gloves and thin clothes
[10]) (see Annex 1). Cnidarians were kept either in glass
tanks of 10 L volume each, filled with seawater, or air dried
in glass containers. For the first group, water was renewed
for a maximum of 48 hours. These specimens were later
subject to microdissections of the stinging tentacles under
a magnification glass. Three different analysis were made:
— Water stored cnidarians were tested for nematocyst

discharge using different solutions.
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Annex 1. Physalia physalis. Some pictures taken during our field work

— Storing water was tested for the presence and viability
of sea lice.

— Airdried cnidarians were tested for nematocyst long-
term viability in stranded colonies.

To test the response of nematocysts to different solu-
tions of therapeutic potential, pieces of tentacles from
specimens stored in seawater were dissected under a mag-
nification glass up to a known and constant length (2 cm)
before being deposited in six-well plates filled with room
temperature seawater. For the analysis, inverted bright
field microscopy was used on the wells. A count of intact
and discharged nematocysts in four randomly selected
100X fields was performed in each well to set a baseline.
Afterwards, seawater was replaced with different solutions
(heated seawater at 50°C, seawater pre-cooled at 4°C for

15 minutes, distilled water, 25% commercial vinegar — circa
1% acetic acid —in distilled water, 25% commercial vinegar
in seawater). After a 5 minutes-long rinsing, counting was
performed again. A nematocyst was considered intact when
it presented a double membrane (or a darkened one) and/or
a coiled harpoon. A nematocyst was considered discharged
when it suffered considerable shrinkage compared to fellow
individuals, membrane and/or content was brightened,
and harpoon was undetectable or partially or completely
uncoiled (see Annex 2).

To test the viability and presence of independent ne-
matocysts (“sea lice”) in storage water, 1 mL of it was
subjected to 12000 rpm centrifuge during two minutes;
supernatant was discharged and a fresh smear of the pellet
analyzed under light microscopy before and after rinsing
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Annex 2. Nematocysts as seen under the microscope on our experimental study. A. A 100x baseline picture of an inverted brightfield
microscope showing undischarged nematocysts (black arrows) and discharged ones (white arrows). B. A 50x picture after rinsing
in hot seawater showing a paucity of nematocysts, both discharged and undischarged. C. 100x% picture after treatment with 1% acetic
acid in distilled water. D. 100x picture after treatment with 1% acetic acid in seawater. E. 100x picture after distilled water rinsing
(note the massive nematocyst discharge in the area). F. 100x Photomicrograph through the objective of a brightfield microscope after

a smear of 48 hours old pellet of sea lice

in seawater, 1% acetic acid in seawater and 1% acetic acid
in dH,0. Criteria for nematocyst classification was the same
as in the previous experiment.

To test the viability and presence of nematocysts in long
stranded cnidarians, dissection, resuspension in sea wa-
ter and microscopy analysis were performed in air-dried
tentacles at 48h, 72 h, 8 days, 80 days and 120 days

post-stranding. A nematocyst was considered viable when
it kept its original charged structure or when it appeared
recently discharged. A nematocyst was considered unviable
when the architecture was distorted or the capsule was
empty.

Statistical analysis was performed using t-test for paired
samples in SPSS 15.0.
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RESULTS

REVIEW

The first literature search (24/07/2022) provided
1199 papers. A second search was made using colloquial
terms on the same date and yielded 126 papers, all of which
were duplicated. From these 1199, 972 were excluded
basing on the information on their abstract, and 227 were
selected for further reading; manual search provided addi-
tional 4 papers. After checking for exclusion and exclusion
criteria, 31 papers were finally selected (Annexes 3, 4).

Case reports (Table 1)

Twenty-one isolated cases from the Pacific and the Atlantic
ocean have been reported in literature, although four of them
were excluded due to incomplete data. Isolated cases affected
patients from a wide range of ages (4-67, mean 31 + 19.7)
with a slight predominance of females (10 vs 7). Lesions took
place mostly (76%) in the limbs, and rarely in the head [11, 12]
or the whole body [13]. The toxic agent was identified through
direct observation in 53% of cases, while in 36% of cases
the wound was attributed to P. physalis due to indirect data
like sting appearance or known presence in the area. In two
cases, serological tests were performed [14, 15].

Initial symptoms (Table 1a)
All cases presented with intense stinging pain
and a local skin reaction, which usually appeared as a linear,

1199 papers selected after first
literature search

papulo-macular eruption in an erythematous background
that may also adopt a purplish or even ecchymotic appear-
ance. Macules sometimes evolved into wheals or bullae.
Specific local symptoms also included mucosal swelling
and blurred vision when the head was affected. Pain was
almost universally described as intense and burning, as
well as radiating throughout the whole affected limb. In
one case, itching predominated over pain [16]. Weakness
and numbness appeared immediately in the affected area
in 17% of cases, including one case with dysphonia [17];
muscular cramps were also described [16, 18]. In 41%
of cases, mostly associated with an absent or inadequate
treatment (see Discussion), local symptoms persisted
hours after the initial wound. Mild fever and/or nausea
appeared in almost 30% of cases during the first day after
the accident. Interestingly, grave, systemic and potentially
life-threatening situations (23% of cases) appeared very
early in the evolution of the intoxication, with almost imme-
diate collapse after the sting. This includes the two deaths
reported [15, 19]. An infant developing severe distress signs
in the first few hours after the stinging event developed an
acute kidney failure [20]. Therapeutic attitude was varied
and inconsistent between cases.

Late symptoms (Table 1b)
Among all the cases described, 58% had clinical man-
ifestations that lasted more than 24 hours. About a third

126 papers after search with
colloquial terms

Applying inclusion and exclusion —
criteria to abstract and title

!

l

126 duplicated

\

972 excluded for not
meeting criteria

227 selected for further reading

4 (manual search) —>

Applying inclusion and
exclusion criteria

!

200 excluded for not meeting
criteria

31 papers

Annex 3. Flow chart from our systematic review
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Annex 4. A map showing the distribution of single cases and series of cases included in this work
red — isolated case reports or series; green — bloomings; blue — both bloomings and cases
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of published cases suffered from a protracted (from
48 hours to several weeks) course of skin lesions, main-
ly behaving as erythematous or flesh-colored macules to
plaques affecting the site of the initial wound accompanied
by local or generalized urticaria [14, 21-23]. These lesions
may evolve into an erythema nodosum-like subcutaneous
nodule. These kind of protracted skin wounds were asso-
ciated to a lack of proper first-aid measures and did not
respond well to mere topical treatments with antihistamines
or steroids. Nodular, long-term, lesions required aggressive
treatments (tacrolimus ointments and high-dose corticoste-
roids, either intralesional or systemic). Weakness, soreness,
and numbness of the muscles in the affected limb, that may
also appear as an early symptom, were present as a late
symptom in 23% of the described cases and tended to
self-resolution. In one case [16], the affected limb followed
a very torpid evolution being left with persistent pain and dis-
figuring scars (see Discussion). When this kind of torpid
evolution appears in the first hours of envenomation, an
ischemic process due to vascular spasm of compartmental
syndrome may be under way [24], paving the way for surgical
treatments. Both initial and delayed symptoms are shared
by many jellyfish envenomation syndromes [25].

Case series (Table 2)

Four studies were included which described series
of cases of P. physalis stings, usually in the context of bloom-
ing or massive strandings [3, 26-28]. The biggest number
of cases informed in a single study came from the Indone-
sian city-province of Yogyakarta and the neighboring coast,
with 1287 events, but provided few to none clinical data
and was therefore excluded [29].

Two of the studies relied in expert identification of enven-
oming agents [26, 27] while the other two [3, 28] attributed
to P. physalis all the stinging events during a known episode
of blossoming. In these large series of cases, median age
of patients was significantly lower and males predominated
over females compared to isolated case reports. As in sin-
gle case reports, limbs were the most frequent affected
areas, always in the form of a linear skin lesion. Roughly
30% of patients were treated with acetic acid in various
formats and the rest with seawater rinsing and tentacle
removal assisted by shaving cream [27]. First-aid measures
appeared to yield positive results as only 4.6% of victims
presented endurant symptoms that were treated with ac-
etaminophen, corticosteroids and benzodiazepines [27], or
intramuscular metamizole [28]; 4.5% of patients present-
ed mild general malaise and 8.6% gastrointestinal symp-
toms. Severe complications were rare but not exceptional,
with 4.7% of all patients suffering from dyspnea and 2.5%
of patients suffering from cardiovascular malaise including
one case of shock [3]; hydrocortisone 5 mg/kg was used

in one study for cases of suspected laryngeal edema, with
apparent success [26]. Overall, all but one cases ([28]; no
further details) achieved full recovery, albeit 3.6% of patients
suffered from permanent dermal marks. Median duration
of local pain was 4 hours [27], with some reduction in cases
where acetic acid was used [28].

Experimental studies on treatment (Tables 3, 4)

Eight clinical studies (Table 3) and three in-vitro studies
(Table 4) were included. Among the clinical studies, four
consisted of single-patient assays. Three of them were
self-experiments conducted by the author. All experiments
yielded negative results regarding topical sunblock, conclud-
ing that it did not prevent the development of skin lesions
after the sting, while cold water after the attack seemed to
increase pain and warm water seemingly increased lymphat-
ic spread. Sand rubbing, ammonia and warm water did not
provide significant symptom relief. Alithough individual stud-
ies using warm or mildly hot water provided no differences,
large, randomized studies (n =96 in Loten et al., 2006 [30]
and n =54 in Bowra et al., 2002 [31]) have provided good
quality evidence of the usefulness of hot water (as hot
as can be tolerated) compared to cold for both general
symptoms and local pain. Local skin reactions took place
independently of treatment. A shorter, older, randomized
study also supported vinegar and Stingose® as pain relief
agents [32]. A single study [33] found some role for local
ice packs; however, it was an uncontrolled study that only
provided results in a qualitative and rather vague format.

Only three experimental in-vitro studies have evaluated
the effect of first-aid treatments, using different approaches:
qualitative or quantitative analysis of cnidae discharge [34,
35] and an envenomation model [36] that used a blood-
agar preparation as both a stinging surface to evaluate
cnidae discharge and a proxy for the toxin cytolytic effect.
The most recent one showed that vinegar and Sting-no-
more® solutions prevented pressure-induced discharge,
arguably the most likely mechanism of human envenom-
ation. Also, although seawater on itself did not change
the ability for discharge, heat in any form (including heated
seawater) reduced the hemolytic halo in the preparation.
Results regarding vinegar are contradictory as it was found
[34, 35] to be among the chemicals that elicited immediate
nematocysts discharge. This issue will be later expanded
in the Discussion.

EXPERIMENTAL STUDY

The first and major aim of this study was to determine
the suitability of different proposed therapeutic solutions to
elicit discharge of the nematocysts of specimens of P. phys-
alis stranded in Canarian coasts during the winter and early
spring of 2023. Episodes of P. physalis strandings took
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Table 4. Experimental studies related to the treatment of acute P. physalis sting

Ref. Approach Endpoint

Results

Burnett etal, Discharge model Qualitative cnidae di-

Clorox®, vinegar, acetone and ammonia caused nematocysts discharge.
Vinegar blocked nematocyst discharge caused by Clorox® and 0.1 N

Na(OH). Baking soda prevented nematocyst discharge caused by vinegar
or ammonia

Solutions of acetic acid, ethanol, ammonia and bromelain resulted
in the immediate discharge of numerous nematocysts. Lidocaine inhibited

discharge by other chemicals

1983 [34] scharge

Birsa et al, Discharge model Absolute numbers
2010 [35] of cnidae discharge
Wilcox etal,  Envenomation Percentage of cnidae
2017 [36] model discharge

Fresh water, urine, pressure and ethanol promote cnidae discharge. Vi-
negar and Sting-no-more spray prevent pressure-induced discharge. Sea

water does not preclude pressure-stimulated discharge

place immediately after the low tide in warm days of winter
(20-25°C maximum — 15-20°C minimum); these conditions
arise cyclically when strong winds directed from southeast
to northwest predominate and are usually associated with
the presence of dust particles in the atmosphere. This com-
bination of factors allowed to choose the most suitable days
and places for specimen recovery, that took place in East-
ern-facing sandy or low-lying shores of the Island of La Palma
(Playa de Nogales, Puntallana and La Salemera, Mazo).
Only specimens directly observed at the time of stranding
were recovered. Glass tanks containing the specimens (in
seawater) were transported to the laboratory of Pathology
of the General University Hospital of La Palma where they
were classified and divided into two groups. The first group
was kept in fresh seawater to perform the test while the oth-
er group was left to dry in glass containers.

The tests were performed in well plates, where four
different tentacles from four different colonies were floated.
As the mere mechanical stress during transportation may
induce a fair degree of nematocyst rupture or discharge,
a “baseline” condition was set for each tentacle by quan-
tifying the absolute number of intact (using four random
100X fields) and discharged nematocysts and calculating
the ratio, which was 0.51 + 0.07 overall. Afterwards, seawa-
ter was gently removed with a Pasteur pipette and replaced
with heated seawater at 50°C, pre-cooled seawater, distilled
water, 25% commercial vinegar — circa 1% acetic acid
—in distilled water, or 25% commercial vinegar in seawater
—circa 1%. After 5 minutes rinsing, the liquid was removed
and the ratio between intact and discharged nematocysts
was calculated again for each tentacle (Table 5).

After testing the parametrical nature of the samples
(Kolmogorov-Smirnov test: Z = 0.62, sig = 0.824 for base-
line group; Z = 0.53, sig = 0.938 for cooled water group;
Z = 0.62, sig = 0.830 for heated water group; Z = 0.57,
sig = 0.9 for acetic acid in distilled water; Z = 0.82, sig =
0.51 for acetic acid in seawater; Z = 0.98, sig = 0.975 for
distilled water), a Student t-test for paired samples was
performed for each well, comparing the ratio of discharged

nematocysts before and after the 5-minutes long rinse
in the “treatment” solution (Fig. 2, Table 6). Results show
no difference in nematocyst discharge when the sample is
subjected to any seawater-based dilution, including a 1%
acetic acid one (t =0.139, sig = 0.898 for cooled seawater,
t=-0.867, sig = 0.45 for heated seawater; t = 0.358, sig =
0.744 for acetic acid in seawater). However, both distilled
water and 1% acetic acid in distilled water elicited significant
cnidae discharge (t = -5.056, sig = 0.015 for acetic acid;
t=-4.193, sig = 0.025). Interestingly, the treatment with
hot water did not elicit nematocyst discharge but induced
a significant loss of nematocysts in the assay well which is
related to an almost complete dissolution of the extracellular
scaffold of the tentacle (see Discussion).

Although theoretically the most suitable way to trans-
port specimens of cnidarians, confinement in large seawa-
terfilled containers resulted in an almost immediate change
of behavior of the colonies. Freshly recovered specimens
tended to inflate the pneumatophore when deposited into
the jar and extended their tentacles until contacting with
the walls and bottom surface of the container. However, this
behavior lasted very few minutes and was rapidly replaced
by a gradual detachment of tentacles that transformed
the liquid into a bluish solution with notable stinging ability
(see Annex 5). This behavior was repeated after any change
of transporting medium and, thus, it does not appear to be
an agonic phenomenon. This bluish water was full of sea
lice that remained both in an intact and discharged status
at both 24 and 48 hours after specimen stranding (38.6/
mL at 24 hours, 27% of nematocysts discharged; 80.6/ mL
at 48 hours with 31% of nematocysts discharged). Smears
of sea lice were tested for reactivity against distilled water
and 1% acetic acid in distilled water. At 24 hours both
distilled water and acetic acid 1% in distilled water elicited
a fair degree of cnidae discharge (63% and 58%); cnidae
were unresponsive to hot sea water and acetic acid diluted
in seawater. At 48 hours, nematocysts maintained their re-
activity (63% discharge in distilled water and 80% discharge
in acetic acid).
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Table 5. Ratio of discharged nematocysts before and after rinsing with potentially therapeutic solutions used for the treatment

of acute P. physalis sting

Well Total nematocysts Discharged Total nematocysts Discharged Ratio Arithmetic
nematocysts nematocysts mean

Well-1 Baseline Cooled Seawater

160 88 181 94 0.52

29 14 99 42 0.42

152 72 92 50 0.54

81 34 81 58 0.41 0.47 £ 0.07
Well-2 Baseline Heated seawater

73 39 22 13 0.59

55 36 12 7 0.58

52 26 12 4 0.33

86 46 55 40 0.73 0.56+0.16
Well-3 Baseline Acetic acid 1% in dH20

89 54 32 21 0.66

94 45 106 78 0.74

82 40 90 60 0.67

90 51 78 42 0.54 0.65 + 0.82
Well-4 Baseline Acetic acid 1% in Seawater

65 36 67 26 0.39

36 17 85 14 0.40

43 29 34 13 0.38

55 25 37 23 0.62 0.45 +0.12
Well-5 Baseline dH-0

68 55 55 40 0.72

63 29 45 27 0.60

134 52 30 21 0.70

23 iL8 50 SY 0.78 0.70+0.76

Baseline arithmetic mean

0.51 £ 0.07

As a complementary trial, the viability of nematocysts DISCUSSION

from tentacles of colonies that were stranded long-time
ago was tested.

Dried tentacles were difficult to distinguish from dried
gastrozooids and gonozooids and therefore most smears
provided no results. However, after a careful examination,
all the results were positive for nematocyst viability (48 h,
72 h, 8 days, 80 days and 120 days post-stranding, although
as time passed the percentage of viable vs unviable nema-
tocysts tended to decrease.

The Physalia physalis or Portuguese-man-of-war
(in Spanish carabela portuguesa, also aguaviva/aguama-
la) is the most common toxic jellyfish in Spanish coastal
waters, where massive strandings are seasonal and cyclical.

The present work is the first review focused exclusively
on clinical aspects that are specific of P. physalis. Previous
works in the field sort together data arising from stinging
events caused by other cnidarians (frequently including
the dangerous Chironex fleckerii, which is not present
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Figure 2. Graphic of t-test results. Ratio of discharged nematocysts in different experimental groups. SW (seawater), AA (acetic acid).

dH20 (distilled water)

Table 6. Results of t-test for paired samples

Comparison Mean SD St. error Confidence interval (95%; lower t DF Sig.
to upper limit)

Baseline-Cooled 0.00388 0.05596 0.02798 -0.08516 0.09293 0.139 8 0.898

seawater

Baseline-Heated -0.08121 0.18736 0.09368 -0.37934 0.21692 -0.867 3 0.450

seawater

Baseline-Acetic 1% -0.17181 0.06796 0.03398 -0.27995 -0.06366 -5.056 3 0.015

in dH20

Baseline-Acetic 1% in SW 0.02949 0.16494 0.08247 -0.23296 0.29194 0.358 S 0.744

Baseline-dH20 -0.22432 0.10701 0.05350 -0.39459 -0.05405 -4.193 3 0.025

SD — standard deviation; DF — degree of freedom

in Atlantic waters) or, at best, from the genus Physalia
altogether, which includes the smaller P. utriculus, non-ex-
istent in Atlantic and Mediterranean coasts. Therefore,
a focused review may help to clarify the true severity of P.
physalis stinging events and provide emergency protocols
for first aid and follow-up of patients; this is relevant mostly
because treatments are usually species-specific. However,
our strict inclusion criteria may risk excluding noteworthy
studies, particularly cases were the toxic agent remained
unidentified but resulted in delayed complications, mostly
of cutaneous or vascular nature [37]. A strong limitation
of our experimental study is that the approach measures

the number of nematocysts released but does not quantify
the degree of activity of the toxin. Also, proper follow-up
of the toxicity of sea lice and stranded tentacles has been
hampered by the protocols followed for transportation,
storage and resuspension.

The experimental study here described, despite its lim-
itations, shows some interesting results. The most important
one is the fact that a dilution of commercial vinegar in sea-
water does not elicit nematocyst discharge. Nematocysts
of Physalia genu respond to changes in water osmolarity,
pressure and certain chemicals [34, 35]. Laboratory studies
carried in different species of cnidarians have included
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Annex 5. Stings of sea lice. A brave volunteer, who prefers to remain anonymous, stung himself on the belly with bluish water from
the glass tanks, full of nematocysts. The first picture was taken 10 min after contact with water, and the second one 12 h after. Note
the erythema in the first picture, and its evolution into punctiform lesions

acetic acid among the chemicals that produce cnidae
discharge. These findings have even led to the proscrip-
tion of the use of vinegar as a first-aid measure in many
guidelines [16, 38], which contradicts previous studies
[32] and folk culture in places where Physalia stings are
frequent. Results here presented show that vinegar does
not produce discharge by itself, and discharge is related to
the solvent. Indeed, the ability for discharge in the presence
of an acetic acid 1% solution in distilled water is similar
to the recorded discharge in distilled water. Thus, the os-
motic shock caused by the non-saline nature of the water
used as a solvent for commercial vinegar is the most likely
cause of the discharge, and not the chemical by itself. This

reinforces the findings of Burnett and colleagues [34], who
found that vinegar was able to block chemical-induced
discharge. As for the ability of acetic acid to relieve pain
regardless of nematocyst discharge, our review is once
again in accordance with folk tradition. Data here presented
are similar to what is described for Carybdea marsupialis,
but not Pelagia noctiluca and scyphozoans (see work by
Ballesteros et al [39- 41], sharing experimental approach
with ours). Therefore, species identification is necessary for
an adequate management.

There is another traditional remedy strongly supported
by literature [30, 42] and that is the use of hot seawater. In
our experimental model, hot seawater treatment does not
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SECURITY AND HELP

Check the environment
and prevent further
stinging

FOR ALL VICTIMS:

Wash off and deactivate
nematocysts with warm
seawater, if available, or

-
Calm the victim plain seawater

Use sticks, thick clothes,
cards or any rigid
material to eliminate
remaining tentacles

Try to get help from
the people around you
(e.g. ask them to heat
some seawater)

Use warm seawater

and vinegar to deactivate
remaining nematocysts
again (handling

the new discharge)

If the situation is
dangerous or anyone
feels tentacles usually
results in unwell, call

Watch closely for at
least 1h

THE STING IS LOCATED

THE VICTIM IS STABLE. > Pain ceases in about 4h —>» Be happy

No other symptoms
appear

Pain does not stop after
many hours and/or new
symptoms appear

Ly Skin lesions persist for
longer than a week

112 ON THE FACE or \ /
A LARGE % OF SKIN IS REFER TO A TERTIARY
AFFECTED or CARE FACILITY

DO NOT assist the victim without protecting
yourself

DO NOT rub the sting with sand or any other
material

DO NOT try to eliminate tentacles before
deactivating

DO NOT clean the sting with distilled water
DO NOT neglect new or strange symptoms

THE VICTIM IS A CHILD

THEVICTIMIS —— > (caALL 112
UNSTABLE

Figure 3. Suggested protocol for first-aid assistance of P. physalis stings

produce discharge and indeed washes away the nemato-
cysts from the tentacle, being mere dilution the most likely
effect of hot water in pain alleviation after an envenomation.
The most suitable mechanism for this effect is the dilution
of the interindividual matrix that holds together the colony,
called the mesoglea, which is rich in water-soluble proteo-
glycans [43]. Therefore, despite the reported easing of lym-
phatic spread, our experimental data reinforce the already
stablished usefulness of hot seawater showers as a first-
aid measure. Moreover, P. physalia venom is known to be
a heat labile toxin [2], which may also explain the clinical
improvement after hot water is applied. Altogether, both
hot showers and vinegar rinsing should be regarded as
the primary first-aid measures.

Another relevant result that arises from both the ex-
perimental study and the field experience is the fact that
the liberation of nematocysts in the form of sea lice appears
to be a standard “behavior” of P. physalis colonies when
confined, perhaps as a mechanism to guarantee the sur-
vival of part of the colony after getting trapped in shallow
intertidal waters.

Sea lice can survive intact and maintain their ability
to sting at least after 48 hours in backwaters. Therefore,
a stinging event by P. physalis may happen even in the ab-
sence of full-fledged colonies and skin lesions may not
necessarily adopt the classical form of an erythematous
rosary-like chain of papules; sea lice and desiccated tenta-
cles are the likely cause of some amount of the “swimmers’
rush”, at least in our context. This fact also bears epide-
miological relevance, as a previous immunization (even if
unnoticed by the patient) may underlie an immediate or
retarded hypersensitivity reaction after a stinging event
or after the consumption of dried jellyfish as a meal [44].
We propose that any case of “swimmer rush” might be
treated as a P. physalia sting for first-aid measures, at least
in a compatible context.

Dried-off tentacles have been shown to contain viable
nematocysts, albeit in a more limited amount, at least
120 days after stranding. Although we could not assess
nematocyst viability over 120 days, we believe that it is very
probable they maintain their activity for many months more,
partly due to personal experience. The 120-day milestone,
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however, has an importance on its own, as it is the first

time it gets objectively measured and reported in literature.
Data from clinical studies and case reports show some

noteworthy patterns:

— The primary lesion is normally a painful erythematous
eruption with marked dermal edema that follows the tra-
jectory of the tentacle.

— Initial skin lesions may evolve into an urticariform erup-
tion or even a nodosum-like erythema.

— Median duration of pain is around 4 h or even less if
adequate measures are taken; cases of severe pain (par-
ticularly when associated to muscular cramps) may herald
a severe vascular complication leading to member isch-
emia due to compartmental syndrome and vasospasm.

— P. physalis, contrary to common belief in some areas,
may produce fatal envenomation. Severe, potentially
life-threatening reactions always happen in the first
minutes after the stinging event and their onset may
be sudden or preceded by dyspnea. These events are
related to a potentially “hidden” hypersensitivity — high-
lighted by the fact that they show immediate response
to epinephrine and volume expansion [5] — but also
to the possibility of the toxin causing rapid vascular
reactions and collapse in the same way as the Irukandji
syndrome, which is mostly (albeit not exclusively) asso-
ciated with Carukia barnesi [2].

— Both hot seawater showers and vinegar rinses are useful
first-aid measures.

Altogether, the systematic review and the experimental
results provide a basis for the elaboration of a protocol for
the assistance of patients attacked by P. physalis (Fig.3).

CONCLUSIONS

— The primary lesion of P. physalis sting is a rosary-like
papular eruption over an erythematous background.
This can evolve into urticarial or nodular chronic erup-
tions. Cramps and general symptoms may appear
in the first few hours. Protracted pain and muscular
cramps may herald of vascular complications.

— Acetic acid does not elicit nematocyst discharge by itself,
but depending on the solvent. Both vinegar and hot
seawater rinses are the best first-aid treatments.

— Toxicity of nematocysts is maintained in isolated ones
(sea lice) and dried tentacles for at least 120 days after
the stranding of the “parent” colony, producing skin
lesions divergent from the canonical one.
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