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Abstract: Occurrence of tetrodotoxin (TTX), a potent natural neurotoxin, in marine organisms and
seafood from the European Union has been of increasing concern due to its relatively recent detection
in bivalve mollusks and gastropods. Following a request of the European Food Safety Authority
(EFSA) to EU Member States to obtain more data on TTX occurrence, this study collected 117 samples
of bivalve mollusks, including mussels (Mytilus galloprovincialis), oysters (Crassostrea gigas) and clams
(Ruditapes philippinarum and Donax spp.), from the South and Southwest Portuguese coast between
May and October 2018, for TTX determination and microbiological analysis. The analyses carried
out by hydrophilic interaction liquid chromatography tandem mass spectrometry (HILIC-MS/MS)
did not detect TTX in any sample, and microbiological analysis did not reveal high concentrations
of Vibrio spp., which has been linked to the presence of TTX. Although preliminary, results from
this study, the first investigating the presence of TTX in bivalve mollusks from the Portuguese coast,
suggest that TTX may not represent a risk for human consumption of bivalve mollusks.
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1. Introduction

Tetrodotoxin (TTX) is a potent neurotoxin that blocks voltage-gated sodium channels in mammalian
excitable neuronal cells causing paralytic poisoning and, in the most severe cases, can lead to human
fatalities due to respiratory and heart failure [1,2]. TTX and its analogues are natural compounds
found in a great variety of organisms, both terrestrial and aquatic, and are particularly well known in
pufferfish (Tetraodontidae), as most TTX food poisonings are related to pufferfish/fugu consumption
in Southeast Asia.

Particular attention was given to TTX occurrence in European waters after its detection in bivalve
mollusks from the UK [3]. A survey study carried out in 2013–2014 and then between 2014 and 2016
revealed TTX concentrations up to 253 µg kg−1 in Pacific oysters (Magallana gigas, previously known as
Crassostrea gigas) collected at the south coast of England [3,4]. Following the initial findings of [3], TTX
was also detected in mussels and oysters from the Netherlands in 2015 [5], which made the Dutch
authorities to issue an advice in 2016 and proposing to apply a zero tolerance for TTX in shellfish,
meaning that bivalves would only enter the markets with non-detectable levels of TTX after analysis
with analytical methods able to detect a concentration of 20 µg kg−1 or lower [6]. In 2017, the European
Food Safety Authority (EFSA) stated a scientific opinion, following a request from the European Union,
on the risk related to the presence of TTX and TTX analogues in marine bivalves and gastropods [7].
EFSA stated that a concentration lower than 44 µg TTX equiv. kg−1 is not expected to result in adverse
effects in humans and recommended EU Member States to obtain more data on TTX occurrence.
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The biogenic origin of TTX has been under debate, in particular due to the widespread occurrence
of TTX in phylogenetically unrelated organisms from terrestrial, freshwater and marine environments.
Several studies support that symbiotic bacteria play a role in TTX biosynthesis, and a list of
TTX-producing bacterial species isolated from TTX-bearing animals have been updated during
the last years [8–10]. The presence of Vibrio parahaemolyticus, Vibrio alginolyticus and Pseudomonas spp.
were confirmed in TTX contaminated mussels from the Greek and UK coasts [3,11]. In addition,
the hypothesis of phytoplankton species, namely Prorocentrum minimum, as a source of TTX to bivalves,
has been raised by [12] after correlating TTX in shellfish and algae occurrence in the Greek coast.
However, a similar trend between TTX in shellfish and P. minimum was not observed in samples from
the UK [4]. More recently, TTX-like compounds were identified in cultures of P. minimum [11].

In the Portuguese coast, TTX variability in bivalve mollusks has not been studied so far. On the
other hand, seasonal dynamics of the microbial community have been described for bivalves. Vibrio spp.
are particularly abundant during summer, when seawater temperatures are well above 15 ◦C [13].

The aim of the present study was to investigate the presence and variability of TTX in bivalves
from classified production areas (CPA) of the Portuguese coast and to determine the associated
bacterial community.

2. Materials and Methods

2.1. Sample Collection

Selected samples of bivalve mollusks were obtained from the national program for Official
Control of marine toxins in shellfish: Manila clam (Ruditapes philippinarum) from the Sado estuary,
mussels (Mytilus galloprovincialis) from the Tejo estuary and from the Tavira–Formosa lagoon, oysters
(Crassostrea gigas) from the Guadiana estuary and donax clams (Donax sp) from the sandy beaches of
Vila Real de Santo António, designated as an L9 shellfish producing area (Figure 1). Samples were
weekly harvested from May to October 2018. A total of 117 samples of bivalves were collected, being
54 mussel samples, 24 oysters, 21 Manila clams and 21 donax clams. Upon collection, shellfish were
immediately shipped to IPMA facilities (Lisbon) under refrigerated conditions in a thermally isolated
container. For mussels and clams, each sample was composed of at least 20 individuals. In the case of
oysters, each sample constituted at least 10 individuals.
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2.2. Toxin Extraction and Liquid Chromatography Analysis

2.2.1. Reagents

All reagents used for toxins extraction and analysis were of analytical grade or higher. Acetic acid
glacial (100%, p.a.), methanol (>99.8%, p.a.), LC–MS additive grade ammonium hydroxide solution
(NH4OH, 25% as NH3), formic acid (98–100%) and acetonitrile (analytical grade) were obtained from
Sigma-Aldrich (Sintra, Portugal); ammonium formate (>99% purity) was from Fluka and hydrochloric
acid (37%) from Panreac. Water was purified using a Milli-Q 185 Plus system from Millipore. The toxin
standard solution for TTX (>99% purity) was sourced from Tocris Bioscience (Bristol, UK).

2.2.2. Toxins Extraction

The bivalve mollusks’ soft tissues were removed from the shell, washed with running tap water to
remove residues and drained. The samples were then homogenized in a blender and stored at −20 ◦C
until toxin analysis. Toxin extraction was performed according to the Standard Operating Procedure
(SOP) for determination of TTX provided by the European Union Reference Laboratory [14]. A portion
of 5 g of homogenized shellfish meat was extracted with 5 mL of 1% acetic acid by vortexing for 90 s
and heating for 5 min in a boiling water bath. Samples were cooled down until room temperature
was achieved and were again vortexed for another 90 s. After that, centrifugation of the samples
for 10 min at 3000 g was conducted. A clean-up step using Graphitised Carbon SPE was carried out
following the method described by [4,14,15]. A total of 5 µL of 25% v/v of NH3 were added to 1 mL
of the supernatant and was centrifuged at 1000 g for 1 min before performing the SPE clean-up step.
The ENVI-Carb cartridge (Supelclean, Supelco, Sigma-Aldrich, Sintra, Portugal) was first conditioned
with 3 mL of 20% MeCN + 1% v/v HOAc and 3 mL of 0.025% v/v NH3. A 400 µL aliquot of sample
extract was loaded onto the cartridge and washed with 700 µL deionized water. Toxins elution and
collected were carried out through the addition of 2 mL 20% MeCN + 0.25% acetic acid. The eluted
extract was mixed and then diluted by transferring 100 µL to a vial and adding 300 µL of acetonitrile
before analysis.

2.2.3. TTX Determination by HILIC-MS/MS

The LC-MS/MS equipment consisted of an Agilent 1290 Infinity coupled to a triple quadrupole
mass spectrometer, an Agilent 6470. The chromatographic separation was conducted with a hydrophilic
interaction liquid chromatography (HILIC) UHPLC column (1.7 µm, 2.1 mm x 150 mm Waters Acquity
Glycan BEH Amide column in conjunction with a Waters VanGuard BEH Amide guard column (Waters,
Lisbon, Portugal)). The chromatographic separation was performed using the conditions described
in [14]: Elution was achieved using a binary eluent system: Eluent A water/formic acid/NH4OH
(500:0.075:0.3 v/v/v) and eluent B acetonitrile/water/formic acid (700:300:0.1 v/v/v). A gradient started
at 98% B at 0.4 mL/min for the first 5 min, 98–50% B for the next 2.5 min, and this composition was kept
for 1.5 min but the flow rate was linearly increased to 0.5 mL/min until 9.0 min, and then B reverted
to 98% by 9.5 min, flow rate ramped to 0.8 mL/min at 10.0 min, held until 10.6 min, and dropped
back to 0.4 mL/min until 11.0 min. Two multiple-reaction-monitoring (MRM) transitions from the
protonated ions were monitored for TTX and TTX derivatives as described in [14,16,17]: For TTX and
4-epiTTX the transitions monitored were the m/z 320.1 > 302.1 and m/z 320.1 > 162.1, for 11-deoxyTTX
and 5-deoxyTTX m/z 304.1 > 286.1 and m/z 304.1 > 162.1, for 4,9-Anhydro m/z TTX 302.1 > 284.1
and m/z 302.1 >162.1, for 6,11-dideoxy-TTX m/z 288.1 > 272.1 and m/z 288.1 > 162.1, finally for the
5,6,11-trideoxy-TTX m/z 272.1 > 254.1 and m/z 272.1 > 162.1. The optimized source settings were as
following: Gas temperature 150 ◦C, gas flow 13 L min−1, nebulizer 50 psi, sheath gas temperature
400 ◦C, sheath gas flow 12 L min−1 and capillary voltage 2500 V. Linearity of the calibrations curves
was validated for TTX standards prepared in different shellfish matrices and the limits of detection
(LOD) and quantification (LOQ) were evaluated based on the signal to noise ratios for TTX in fortified
shellfish extracts. A five-point calibration curve of TTX with a correlation >0.990 was set up for
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quantification, with the quantification being performed using a matrix match calibration and the limit
of quantification of 16 µg TTX kg−1.

2.3. Vibrio spp. Detection and Enumeration

All samples were analyzed immediately on arrival to the laboratory. Live bivalves were washed
and scrubbed under running potable water. Dead and damaged shellfish were discarded. Specimens
were aseptically opened, the flesh and intervalvar liquid were extracted into a sterile container using a
sterile scalpel and flesh was cut with sterile scissors.

The qualitative Vibrio spp. analysis was performed by adding 225 mL alkaline salt peptone water
(ASPW; Oxoid Ltd., Basingstoke, Hampshire, UK) to 25 g of sample, homogenized with a Stomacher
400 (Seward Laboratory System, London, UK), and incubated at 37 ± 1 ◦C for 18 ± 1 h. Following broth
incubation, two plates of thiosulphate citrate bile salt sucrose agar (TCBS; Oxoid Ltd., Basingstoke,
Hampshire, UK) were streaked from just below the surface of the broth, without mixing, and incubated
at 37 ± 1 ◦C for 21 ± 3 h. Plates were checked for typical colonies and at least five sucrose-negative
and positive colonies were selected from each TCBS plate. In order to confirm the isolated strains,
biochemical tests were carried out in characteristic colonies. Gram negative and oxidase-positive
strains were presumptively identified as Vibrio spp. Results were expressed as present or absent in 25 g.

For the quantification of Vibrio spp., 10 g of the homogenized sample was added to 90 mL of
ASPW (initial decimal dilution) and homogenized with a Stomacher 400 (Seward Laboratory System,
London, UK). Serial ten-fold dilutions were also prepared in ASPW. Dilutions were surface plated on
TCBS agar and plates incubated at 37 ± 1 ◦C for 21 ± 3 h. Selection, isolation and testing of characteristics
colonies was performed as previously described for Vibrio spp. detection. Results were expressed as
colony-forming units per gram of sample (CFU/g).

3. Results and Discussion

A total of 117 bivalve mollusk samples, comprising four species (mussels, oysters, and two clam
species) collected from shallow water, estuarine environments (Tejo, Sado and Guadiana estuaries,
as well as the Formosa Lagoon) and sandy beaches (Vila Real Santo António) from the Southwest
and South Portuguese coast were analyzed for TTX by the sensitive HILIC-MSMS method. Although
sampling was carried out between May and October, when the highest seawater temperature is reached,
which has been pointed out as a relevant factor associated with TTX occurrence [4], TTX or any of
its analogues were not detected at quantifiable levels. Among these samples, TTX trace levels were
observed in three mussel samples collected in Tavira (Formosa lagoon) in July and August (Figure 2).
These results are in agreement with the recent findings in Spain, the nearby country where no TTX
have been found in bivalve mollusks in two TTX survey studies [16,18].J. Mar. Sci. Eng. 2019, 7, x FOR PEER REVIEW 5 of 6 
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Figure 2. Multiple reaction monitoring (MRM) chromatograms of tetrodotoxin (TTX) obtained by
HILIC-MS/MS analysis in (A) matrix match TTX standard of 40 µg kg−1, (B) TTX spiked mussel extract
of 25 µg kg−1, and (C) TTX trace levels in mussels from Tavira (South Portuguese coast).

The presence of TTX in marine organisms from the Portuguese coast was previously investigated
in gastropods [19]. Even though marine gastropods are well known TTX vectors and have been
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involved in several human poisoning cases in different geographic locations from Asia [20], TTX
in gastropods from the Portuguese coast was observed at relatively low levels. The highest TTX
concentration, 90 µg kg−1, was determined in the sea snail Monodonta lineata collected in the Southwest
Portuguese coast [19].

The origin of TTX accumulated in bivalve mollusks has been associated with bacterial communities,
in particular to species of the genus Vibrio [10]. In the present study, Vibrio spp. were detected in
96% of samples, with levels ranging from <1.0 × 10 UFC/g to 2.6 × 104 UFC/g. The three samples
presenting TTX trace levels, collected during the summer months, were positive for Vibrio spp., with
contamination values between 5.0 × 102 UFC/g and 1.9 × 103 UFC/g. Samples presenting higher
Vibrio spp. concentrations did not exhibit TTX, not even at trace levels.

4. Conclusions

This first study on TTX occurrence in bivalve mollusks from the Portuguese coast suggests
that TTX does not pose a risk for human consumption of bivalves. However, more comprehensive
surveys should be carried out to 1) confirm these initial findings, 2) address the EFSA recommendation
regarding obtention of consistent TTX data occurrence, which is essential to perform an appropriated
evaluation of the risk, and 3) to better understand the relationship between Vibrio spp. and the bacterial
community associated with TTX occurrence.
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