Food Research International 235 (2026) 119242

FOOD
RERAHO

Contents lists available at ScienceDirect

Food Research International

journal homepage: www.elsevier.com/locate/foodres

ELSEVIER

L))

Check for

First confirmation of Caribbean ciguatoxins in fish samples from the South [
Atlantic coast of Brazil*

Rodrigo Hoff ", David Castro b orge Giraldez b Jose Manuel Leao-Martins ”,
Ana Gago-Martinez """
@ Ministério da Agricultura e Pecudria, Laboratério Federal de Defesa Agropecuaria (SLAV-SC/LFDA/RS), Sao José, SC 88102-600, Brazil

b Research Center on Nanomaterials and Biomedicine (CINBIO), Department of Analytical and Food Chemistry, Campus Universitario de Vigo, University of Vigo, 36310
Vigo, Spain

ARTICLE INFO ABSTRACT

Keywords:

Ciguatera poisoning
Caribbean CTX

South Atlantic coast
Fish safety

Fernando de Noronha
EuroCigua
LC-MS/MS

This study reports the first confirmation of Caribbean ciguatoxins (C-CTXs) in fish samples from the South
Atlantic region, specifically the Fernando de Noronha archipelago (Brazil). The work was based on fish samples
opportunistically collected by local health authorities in connection with suspected ciguatera poisoning cases and
from related commercial settings, rather than on a prospective field survey. Samples were analyzed using
methodologies developed and validated during the two phases of the EuroCigua project, and EuroCigua reference
materials were used to support toxin characterization. C-CTXs were confirmed in fish species commonly asso-
ciated with ciguatera poisoning, particularly Seriola dumerili and Sphyraena sp., with toxin profiles resembling
those previously reported in Caribbean and East Atlantic areas. These findings provide the first analytical evi-
dence of C-CTX occurrence in Brazil and support the need for strengthened surveillance and future targeted

investigations in tropical and subtropical areas where ciguatera risk remains insufficiently characterized.

1. Introduction

Ciguatera poisoning (CP) is a foodborne illness caused by the con-
sumption of reef fish contaminated with ciguatoxins (CTXs)—a class of
potent, lipophilic, and heat-stable neurotoxins primarily produced by
dinoflagellates of the genus Gambierdiscus and Fukuyoa (Castro et al.,
2022; Estevez et al., 2019). These benthic microorganisms inhabit
tropical and subtropical regions, colonizing substrates such as macro-
algae, dead coral, and shallow marine sediments, particularly in warm,
oligotrophic coastal environments. When environmental conditions
such as elevated sea temperatures and reef disturbances promote their
proliferation, harmful algal blooms can occur, increasing the toxin
burden in the marine food web.

Ciguatoxins are initially produced as precursors (gambiertoxins),
which undergo biotransformation as they move through the food chain
(Holmes et al., 1991). Herbivorous fish that graze on contaminated algae
accumulate these toxins, which are then transferred and biomagnified in
larger predatory fish. This process makes species such as barracuda
(Sphyraena spp.), grouper (Epinephelus spp.), and snapper (Lutjanus spp.)

particularly hazardous for human consumption. Due to their heat sta-
bility and water-insolubility, ciguatoxins are not destroyed by conven-
tional cooking methods, thus posing a significant toxicological risk
(Alvito & Gago-Martinez, 2025).

Clinically, CP presents a complex symptom profile, beginning with
gastrointestinal distress (nausea, vomiting, diarrhea), followed by
neurological manifestations such as paresthesia, pruritus, myalgia,
temperature sensation reversal (e.g., cold feels hot and vice versa), and
persistent sensory disturbances that may last for weeks or months.
Cardiovascular and neuropsychiatric symptoms have also been reported
in some cases. Symptom variability is influenced by the dose and type of
ciguatoxin ingested, as well as host-specific factors, including genetic
susceptibility (Chinain et al., 2021).

Structurally and toxicologically, ciguatoxins are classified into three
main regional groups: Pacific CTXs (P-CTX), Caribbean CTXs (C-CTX),
and Indian Ocean CTXs (I-CTX), each with distinct toxicological profiles,
geographic distribution, and analytical detection challenges (Gwinn
et al., 2021; Raposo-Garcia et al., 2023). Among them, P-CTXs—such as
P-CTX-1B—are the most potent and well-characterized. Caribbean
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CTXs, which predominate in the Caribbean region and are now
emerging in the South Atlantic as well as Macaronesia, exhibit slightly
different structures with fewer oxygenated ring systems and are believed
to have a somewhat milder neurotoxic profile compared to their Pacific
counterparts. Nevertheless, C-CTXs are fully capable of causing severe
poisoning, particularly in populations with no previous exposure and,
therefore, low immunotolerance.

The geographic distribution of CP has traditionally been associated
with the Caribbean, Pacific, and Indian Oceans, but sporadic cases and
localized outbreaks have been increasingly reported in new areas. This
expansion is driven by climate change, species migration, and evolving
dietary patterns. Additionally, improvements in diagnostic awareness,
analytical sensitivity, and surveillance systems may also contribute to
the apparent increase in reported cases, as regions previously lacking
confirmatory capacity are now able to detect and document ciguatoxin
exposure. In the Caribbean, annual incidence rates may exceed 700
cases per 100,000 inhabitants, while smaller islands such as Les Saintes
(Guadeloupe) report average rates of 3 cases per 10,000 (Boucaud-
Maitre et al., 2018). In Brazil, although clinical reports consistent with
CP have emerged over the past decades (Haddad Junior & Reis, 2023),
laboratory confirmation of ciguatoxins in locally caught fish had
remained absent until now.

In this context, the present study reports the first laboratory confir-
mation of Caribbean ciguatoxins in fish samples associated with sus-
pected ciguatera poisoning cases in Brazil. Rather than representing a
prospective field survey, this work provides an opportunistic but
analytically robust first record based on samples made available through
public health investigations in Fernando de Noronha. These findings
establish the occurrence of C-CTXs in Brazilian case-related fish material
and support the need for strengthened surveillance and future targeted
field studies.

This study should be understood as an initial analytical confirmation
effort based on fish samples that became available through public health
investigations and local surveillance actions, rather than as a prospec-
tive field survey designed to estimate the occurrence or prevalence of
ciguatoxins in Brazilian waters. The strength of this work lies in the
robust chemical confirmation of Caribbean ciguatoxins in outbreak-
related fish material using state-of-the-art EuroCigua methodologies.
Accordingly, the present findings provide the first laboratory evidence
of C-CTX occurrence in Brazil, while broader epidemiological inferences
and exposure assessment will require future harmonized sampling
campaigns.

It is important to emphasize that the present work was conceived as
an initial analytical confirmation of Caribbean ciguatoxins in fish sam-
ples associated with suspected ciguatera cases in Brazil. The samples
were collected retrospectively by different regional health authorities
under non-standardized conditions and, in several cases, consisted of
fillets, portions, or leftover meal material rather than whole fish speci-
mens. Therefore, this dataset was not generated under a controlled
sampling design and should not be interpreted as a prevalence study or
as a fully quantitative exposure assessment.

2. Materials and methods
2.1. Standards

Standard solutions of C-CTX1 kindly provided by Dr. Robert Dickey
(formerly from U.S. Food and Drug Administration) and isolated from
contaminated fish from Canary Islands and Madeira, as well as auto-
claved contaminated fish tissue prepared as reference material at the
Analytical Chemistry Laboratory of the University of Vigo through the
EuroCigua projects (GP/EFSA/AFSCO/2015/03, GP/EFSA/KNOW/
2022/03), were used for this study.
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2.2. Chemicals

The chemicals used for sample preparation, including acetone
(Me2CO), diethyl ether (Et20), methanol (MeOH), water (H20), hexane,
and ethyl acetate (EtOAc), were of HPLC grade (Merck KGaA, Darm-
stadt, Germany). For LC-MS/MS analysis, MeOH, acetonitrile (can),
formic acid, and ammonium formate were LC-MS grade (Merck KGaA,
Darmstadt, Germany), while the H20 utilized for LC-MS/MS was also LC-
MS grade (Scharlau, Batch No: 22939404).

2.3. Samples

A total of 22 fish samples were collected between 2022 and 2024 in
the Fernando de Noronha archipelago (Brazil), a volcanic island group
in the South Atlantic Ocean (latitude: —3.853808, longitude:
—32.423786). This archipelago, located approximately 354 km (220
miles) off the northeastern coast of mainland Brazil in the Atlantic
Ocean, comprises 21 islands and islets, with the main island—also
named Fernando de Noronha—being the largest. The main island spans
approximately 10 km?, with a length of about 10 km (6.2 miles) and a
width of roughly 3.5 km (2.2 miles). The island's coastal and reef en-
vironments provide critical habitats for numerous fish species, some of
which are commonly consumed by the local population and tourists
(Tchamabi et al., 2017).

The samples were collected by local health authorities and included
both raw and cooked fish samples directly linked to clinical cases
exhibiting symptoms consistent with CP, as well as raw fish samples
obtained from restaurants and fish markets. The species identified were:
Sphyraena sp. (4), Seriola dumerili (11), Acanthocybium solandri (1),
Caranx lugubris (1), Lutjanus analis/Sphyraena sp. (1), Seriola lalandi (2),
Trachurus picturatus (1), and Thunnus atlanticus (1). One sample had
ambiguous species identification in the associated documentation (Lut-
janus analis/Sphyraena sp.).

Following collection, the samples were frozen and transported to the
official laboratory of the Brazilian Ministry of Agriculture and Livestock
(SLAV-SC) for homogenization and lyophilization. The lyophilized ma-
terials were subsequently shipped to the University of Vigo (Spain) for
analytical testing.

2.4. Fish sample extraction

Prior to sample extraction, lyophilized fish flesh tissue was rehy-
drated considering an average moisture of 77%, achieved by weighing
3.45 g of lyophilized material and adding sufficient water to reach a
total mass of 15 g. Subsequently, this material was extracted and puri-
fied following the sample extraction procedure developed and optimized
in the framework of EuroCigua (GP/EFSA/AFSCO/2015/03) (Estevez
et al., 2019). Briefly, 15 g of the rehydrated fish flesh was extracted
twice with Me;CO (3 mL/g), using an UltraTurrax® (Ika) to 9000 rpm
for 2 min and then was centrifugated at 4500 rpm for 10 min and 4 °C.
The supernatants were combined and evaporated to an aqueous residue
under reduced pressure using a drying system Syncore®Polyvap (Biichi)
The final volume of the remaining aqueous residue resulted in approx-
imately 7.5 mL for each sample.

Subsequently, the aqueous fraction was extracted twice with 15 mL
of Et0 (1 mL/g), and the organic layers were combined and evaporated
to dryness at 50 °C under a gentle stream of Nj.

The solid residues were re-dissolved with 4.5 mL (0.3 mL/g) of
MeOH: H30 (90:10) and defatted with 9 mL (0.6 mL/g) of n-hexane.
After that, the n-hexane layer was discarded using a glass Pasteur pipette
and the aqueous methanolic solution was evaporated to dryness at 50 °C
under a Ny light stream. The resulting solid residues were purified
through a cleanup step involving a Florisil SPE followed by a C18 SPE.
Firstly, to remove any polar interferences, the SPE Florisil cartridge (3
mL, 500 mg, Bakerbond, J. T. Baker), was conditioned with 3 mL of
EtOAc. Subsequently, the solid residue from the extraction was re-
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dissolved in 2 mL of EtOAc and passed through Florisil SPE cartridge.
The CTXs were eluted in three consecutive steps, first elution step with 3
mL of EtOAc. Elution step 2 was then performed using 5 mL of EtOAc:
MeOH (9:1) and finally, a third elution was conducted using 5 mL of
EtOAc:MeOH (3:1).

Eluates 1, 2 and 3 were combined and dried under N5 stream in a
water bath at 50 °C. Then, the solid residue was reconstituted in 2 mL of
a 60% MeOH solution for a subsequent C18 SPE cleanup step, in order to
remove nonpolar and semipolar matrix compounds.

The next SPE was performed using a C18 cartridge (3 mL, 500 mg,
Supelclean LC-C18, Supelco). The sample extract in 2 mL of 60% MeOH

C-CTX1
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was passed through C18 cartridge initially conditioned with 3 mL of
60% MeOH. The washing step was performed with 3 mL of 60% MeOH.
The final elution was carried out with 5 mL of 90% MeOH. The eluate
was dried under the same conditions (50 °C water bath with nitrogen
flow).

After that, the dried extract was dissolved in 0.5 mL of MeOH and
filtered through a 0.22 pm filter (Syringe Driver Filter Unit, Millex®-CV
0.22 pm, 13 mm) prior to LC-MS/MS analysis.
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17-hydroxy-50,51-didehydro-C-CTX3

Fig. 1. Molecular structures of the Caribbean ciguatoxin analogues monitored in this study. Structures correspond to the target analytes listed in Table 1 and were
used for analytical identification based on high-resolution mass spectrometry criteria (adapted from Estevez et al., 2024; Estevez & Gago-Martinez, 2023).
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2.5. LC-MS/MS

LC-MS/MS analyses were carried out using the methodology devel-
oped and optimized during EuroCigua (Estevez et al., 2019) and
improved through EuroCigua 2 project. This methodology consists of the
combination of two different approaches, the first one for a sensitive
identification of the Na adduct was based on conditions initially
described by Yogi et al., with slight modifications (Yogi et al., 2011), and
the second one used for fragments confirmation was based on the con-
ditions initially described by Abraham et al. also with slight modifica-
tions (Abraham et al., 2012).

The optimized conditions used for the combined LC-MS/MS method
are briefly described as follows. LC-MS/MS analyses were performed
using an Agilent 1290 Infinity LC system coupled to an Agilent 6460
Triple Quadrupole LC-MS (Agilent Technologies, CA) equipped with an
Agilent Jet Stream electrospray ionization source. Method A (sodium
adducts): chromatographic separation was performed using an ACE
UltraCore 2.5 SuperPhenylHexyl column (50 x 2.1 mm, from Avantor)
maintained at 40 °C. The mobile phase consisted of (A) 2 mM ammo-
nium acetate, 5 pM sodium acetate, and 0.1% acetic acid in water, and
(B) methanol. The injection volume was 5 pL. The chromatographic
separation was carried out using a gradient elution program at a con-
stant flow rate of 0.4 mL min~'. The gradient was programmed as fol-
lows: the run started with 45% A and 55% B, held for 1.0 min; from 1.0
to 1.5 min, B was increased to 70%; from 1.5 to 12.75 min, B was
increased to 80%; from 12.75 to 16.0 min, B was increased to 95% and
held until 20.0 min. The mass spectrometer was operated in positive
polarity in order to monitor sodium adduct ions ([M + Na]t). The
collision energy was 40 eV and the [M + Na]™ ions were used as both
precursor and product ions. Source and interface conditions were opti-
mized for the analysis of CTXs in positive ionization mode and were
adjusted to achieve the best sensitivity for all compounds. The instru-
mental parameters were set as follows: Drying gas, 13 L min~! of Ny at
290 °C; sheath gas flow, 12 L min~! of Nj at 400 °C; nebulizer gas, N; at
50 psi; capillary voltage, 5000 V; nozzle voltage: 300 V; fragmentor
potential: 350 V. Toxins were monitored as follows: CTX1B (m/z
1133.6), C-CTX3/4 (m/z 1165.6), C-CTX1 (m/z 1163.6), C-CTX1-Me
(m/z 1177.6), 2,3-dihydroxy-CTX3C (m/z 1079.6), 17-hydroxy-CTX1
(m/z 1179.6), 17-hydroxy-CTX1-Me (m/z 1193.6), 4-hydroxy-7-oxo-
CTXB1 (m/z 1167.6), 50, 51-didehydro-C-CTX3 (m/z 1163.6), 17-hy-
droxy-50, 51-didehydro-C-CTX3 (m/z 1179.6), 52-epi-54-deoxy-
CTX1B/54deoxy-CTX1B (m/z 1117.6), C-CTX5 (m/z 1161.6), CTX3B/
CTX3C (m/z 1045.6), and CTX4A/CTX4B (m/z 1083.6). The molecular
structures of the monitored analytes are presented in Fig. 1.

Method B (confirmatory): LC separation was achieved using a
PoroShell 120-EC-C18 column (21 x 100 mm, 2.7 pm from Agilent)
maintained at 40 °C. The mobile phase consisted of (A) 0.1% formic acid
in water, and (B) acetonitrile. The injection volume was 10 pL. The
gradient was programmed as follows: The initial composition was 65% A
and 35% B, held for 2.0 min at a flow rate of 0.4 mL min~!. From 2.0 to
15.5 min, the flow rate was reduced to 0.2 mL min~'. From 2.0 to 15.0
min, the percentage of solvent B was increased gradually to 70%, and
further to 95% by 15.5 min. After 15.5 min, the flow rate was returned to
0.4 mL min’" and the composition (5% A and 95% B) was maintained
until 18.0 min. The instrumental parameters were set as follows: Drying
gas, 10 L min~! of Ny at 250 °C; sheath gas flow, 12 L min~! of N, at
350 °C; nebulizer gas, Ny at 15 psi; capillary voltage, 5500 V; nozzle
voltage: 400 V; fragmentor potential 300 V; cell accelerator voltage 4 V.
Compound-specific MRM parameters are given in Table 1.

3. Results and discussion
3.1. Caribbean ciguatoxins occurrence in Brazilian fish

Following the report of foodborne intoxication episodes clinically
compatible with ciguatera poisoning in Fernando de Noronha in 2022
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Table 1
Mass spectrometry compound-specific parameters.
Compound name Precursor ion Product ion Ret time Collision
(m/z) (m/z) (min) energy (eV)
C-CTX1 1123.6 1105.6 7.6 20
C-CTX1 1123.6 235.1 7.6 35
C-CTX1 1123.6 191.1 7.6 50
C-CTX1-Me 1123.6 1105.6 9.5 20
C-CTX1-Me 1123.6 235.1 9.5 35
C-CTX1-Me 1123.6 191.1 9.5 50
C-CTX3/4 1125.6 1107.6 5.4 20
C-CTX3/4 1125.6 237.1 5.4 35
C-CTX3/4 1125.6 141.1 5.4 40
C-CTX5 1121.6 1103.6 9.5 20
C-CTX5 1121.6 191.1 9.5 50
17-OH-C-CTX1 1139.6 1121.6 5.5 35
17-OH-C-CTX1 1139.6 191.1 5.5 50
17-OH-C-CTX1 1139.6 181.1 5.5 45
17-OH-C-CTX1- 1139.6 1121.6 7.6 55
Me
17-OH-C-CTX1- 1139.6 191.1 7.6 55
Me
50-51- 1123.6 1105.6 6.66 20
didehydro-C-
CTX3
50-51- 1123.6 235.1 6.66 35
didehydro-C-
CTX3
50-51- 1123.6 191.1 6.66 45
didehydro-C-
CTX3

(Haddad Junior & Reis, 2023), fish samples collected by Brazilian health
and surveillance authorities became available for confirmatory toxin
analysis. Because Brazil did not yet have established laboratory capacity
for CTX determination, the samples were analyzed at the University of
Vigo within the framework of the EuroCigua collaboration, using state-
of-the-art analytical workflows and reference materials. Thus, the main
strength of the present study lies in the chemical confirmation of
Caribbean ciguatoxins in outbreak-related fish material, rather than in a
prospective epidemiological or ecological survey design.

Through this collaboration, the analysis of 22 fish tissue sam-
ples—including barracuda, amberjack, and horse-eye jack was carried
out in November 2024 at the UVIGO laboratory as a part of training and
capacity-building activities under the EuroCigua II project, in which
UVIGO coordinated the Specific Grant aimed at the risk characterization
of CP in Europe. The methods developed and optimized through Euro-
Cigua as well as the reference materials prepared within EuroCigua were
critical to obtain important results that allowed the characterization, for
the first time, of the CP risk in the aforementioned Brazilian coastal area.
Caribbean ciguatoxin (C-CTX1) was confirmed as the main CTX
responsible for the contamination of fish collected and consumed in this
Brazilian area, being also the predominant analogue in the area of study
of EuroCigua (East Atlantic coast of Canary Islands and Madeira).
Several CTX analogues, particularly C-CTX3/4, which is not an analogue
typically present in the contaminated fishes of the areas of EuroCigua
previously mentioned, were found in the fish samples analyzed. The
results reveal a highly positive scenario for the presence of Caribbean
ciguatoxins. Table 2 includes the results obtained for various fish sam-
ples collected in 2022, 2023, and 2024, with particular emphasis on
amberjack and barracuda. The prioritization of these samples into high
and low categories was primarily based on documentation provided by
agents from the Ministry of Health and Sanitary Surveillance of Brazil.
Fig. 2 shows an example of the LC-MS/MS results obtained in this work
for the fish samples analyzed.

Samples considered to be of low priority are those from species not
yet reported in relation to ciguatera but were collected by agents
because they were exposed to commercialization in the same restaurant
or fish market where the sample directly linked to cases with
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Table 2
Profile and main results of Brazilian fish samples related to CP cases from 2022
to 2024.

Year  Sample Fish Priority ~ Observations Results
(presumptive (sample confirm
specie)* condition; weight method

in kg; place where
the sample was
obtained; other
information — if
available) **
2022 81,796/  Sphyraena sp. High Raw; 5.5; Positive
22 patient's (C-CTX1,
residence C-CTX3/
4)
2022 85,940/ Seriola dumerili High Raw; 0.3; ND
22 patient's
residence
2022 85,941/ Seriola dumerili High Raw; 0.4; Positive
22 patient's (C-CTX1)
residence
2022 85,942/ Seriola dumerili High Grilled; NI; Positive
22 patient's (C-CTX1,
residence C-CTX3/
4)
2022 85,943/ Seriola dumerili High Raw; 1.5; Positive
22 patient's (C-CTX1)
residence
2022 94,796/ Acanthocybium Low Raw; 0.76; fishing ND
22 solandri company
2022 94,797/ Caranx lugubris Low Raw; 1.0; fishing ND
22 company
2022 94,799/ Seriola dumerili High Raw; 1.6; fishing circa
22 company LOD (C-
CTX1)
2022 94,800/ Seriola dumerili High Raw; 2.35; fishing circa
22 company LOD (C-
CTX1)
2022 94,801/ Seriola dumerili High Raw; NI; fishing ND
22 company
2023 05231/ Seriola dumerili High Raw; 0.1; Positive
23 patient's (C-CTX1)
residence
2023 05232/ Seriola dumerili High Raw; 0.24; ND
23 patient's
residence
2023 15,540/ Seriola dumerili High Raw; 0.08; Positive
23 patient's (C-CTX1)
residence
2023 17,014/ Lutjanus analis/ High Raw; 2.5; Positive
23 Sphyraena sp. patient's (C-CTX1)
residence; doubt
in fish description
2024 00041/ Seriola lalandi Low Raw; NI; patient's ND
24(H) residence; Haff's
disease related
2024 01399/ Seriola dumerili High Fried fish; NI; Positive
24 patient's (C-CTX1)
residence
2024 01400/ Trachurus Low Raw; NI; patient's ND
24 picturatus residence
2024 03239/ Sphyraena sp. High Raw; NI; same circa
24 restaurant of LOD (C-
sample 03240/24  CTX1)

2024 03240/ Sphyraena sp. High Raw; NI; Positive

24 restaurant (C-CTX1)

2024 03241/ Thunnus Low Raw; NI; same ND

24 atlanticus restaurant of
sample 03240/24
2024 01401/ Sphyraena sp. High Raw; NI; patient's  Positive
24 residence (C-CTX1)
2024 03236/ Seriola lalandi Low Raw, NI; patient's ND
24 residence; Haff's

disease related

ND - not detected; circa LOD — around the limit of detection; NI — not indicated.
(*) Species identification was based on visual assessment only and should be
considered presumptive, as no genotypic confirmation was performed. (**) The
information reported in this column refers to the location where the sample was
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obtained or recovered (e.g., patient's residence, restaurant, fish market, fishing
company) and should not be interpreted as the fish capture location. Capture-
site information within the Fernando de Noronha archipelago was not consis-
tently available from the original documentation.

characteristic symptoms was purchased. Most samples were collected
raw and sent to the laboratory, many as whole fish, while others were in
the form of fillets or fish steaks. In some instances, samples consisted of
leftover fish from meals collected at the homes of patients presenting
symptoms. These leftovers included grilled, fried, and restaurant-
collected fish.

Among the samples with ambiguous identification, only one,
numbered 17,014/23, had documentation confusion regarding its spe-
cies. Additionally, two samples actually belonged to another species
known in Brazil as arabaiana. These samples were more closely related
symptomatically to Haff's disease cases rather than CP; however, they
were also processed and analyzed for possible ciguatoxin occurrence.

The samples were analyzed using two LC-MS-MS methods: confir-
matory and quantitative, using the sodium adducts. One of the highest
results was found in a barracuda sample (around 3.5 ng g~ ! of C-CTX-1),
one of the highest values reported for this toxin to date.

As observed in Table 3, which presents a summary of the overall
results for all analyzed samples, the two fish species most commonly
associated with ciguatera, namely Seriola dumerili and Sphyraena spp.,
exhibited the highest positivity rates. In the case of Sphyraena spp.
(barracuda), 100% of the four analyzed samples were confirmed positive
for the presence of at least one Caribbean ciguatoxin. Regarding
S. dumerili, out of 11 analyzed samples, 8 were confirmed positive,
resulting in approximately 73% positive samples. The other species,
collected in significantly lower numbers, all tested negative. An excep-
tion was one fish sample for which the documentation provided by
health surveillance agents contained ambiguous information, making it
uncertain whether the sample was Sphyraena sp. (Barracuda) or Lutjanus
analis, as also reported in the documentation. This sample tested posi-
tive; however, considering the historical positivity rate for CP in bar-
racuda, it is more likely to be a Sphyraena sp. sample. Overall, 59% of all
species' samples tested positive. If we consider only the species most
associated with ciguatera toxic syndrome, the positivity rate increases to
81%.

Because the analyzed material was collected retrospectively under
non-standardized conditions, the present dataset is interpreted primarily
as qualitative evidence of occurrence rather than as a basis for preva-
lence estimates or fully validated quantitative exposure assessment.

4. Conclusion

This study presents the first laboratory-confirmed detection of
Caribbean ciguatoxins in marine fish from Brazil, signaling the emer-
gence of CP as a new public health and food safety concern in the South
Atlantic. The presence of C-CTX1 and analogs in species frequently
consumed by coastal populations raises a serious alert for toxicological
risk in the national seafood supply chain.

By employing validated methodologies developed under the Euro-
Cigua projects, we achieved the consistent identification of Caribbean
ciguatoxins in fish samples from the Fernando de Noronha archipelago.
These findings provide laboratory confirmation of CP in Brazil and
highlight the need for continued surveillance and ecological monitoring,
as environmental and oceanographic changes may represent potential
contributing factors, although longitudinal baseline data are currently
lacking to substantiate a definitive expansion trend.

Given the clinical severity of CP and the challenges associated with
its recognition and management, these results underscore the impor-
tance of strengthening public health preparedness in Brazil. The estab-
lishment of coordinated toxicovigilance strategies, integration between
health and fisheries authorities, and the development of routine
analytical capacity for CTX detection are critical steps toward improving



R. Hoff et al.

x102

° C-CTX1

4.8
4.64

421

. 3

3.64

1{C-CTX3/4

2 miz 11256 >
‘m/z 1107.6

miz 11256 =
mfz 141 .1

.

" miz 1125.6
miz 237 1

Food Research International 235 (2026) 119242

ol _m/z 11236 > m/z 1105.6

3.84 mfz1123.6 = miz 191.1

m/z1123.6 - miz 181.1

miz 1123.6 - m/z 235.1

9 95 10 105 11 15 12 125
Counts vs. Acquisition Time (min)

Fig. 2. Chromatogram obtained by LC-MS/MS in MRM mode using the confirmatory method, where the analogues C-CTX1 and C-CTX3/4 were detected in sample

81,796/22, corresponding to a specimen of Sphyraena sp.

Table 3
Frequency of positive samples for all fish species presumably related to CP cases
in Brazil (2022-2024).

Fish species Number of Positive (confirmatory ~ Positive
samples method) samples (%)
Seriola dumerili 11 08 72.7
Sphyraena sp. 04 04 100.0
Seriola lalandi 02 - 0.0
Acanthocybium 01 - 0.0
solandri
Caranx lugubris 01 - 0.0
Lutjanus analis/ 01 01 100.0
Sphyraena sp.
Thunnus atlanticus 01 - 0.0
Trachurus picturatus 01 - 0.0
Sum of all species 22 13 59.1
Sum of CP related 16 13 81.3
species”

# Seriola dumerili and Sphyraena sp.

risk assessment, case confirmation, and prevention measures.

Ultimately, this work highlights the critical value of international
cooperation and harmonized methodologies in addressing the global
challenge posed by marine biotoxins in an era of changing ocean con-
ditions and shifting seafood safety paradigms.
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