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In June 2009, 11 outbreaks of food poisoning occurred 
in France, involving 45 individuals who had consumed 
mussels harvested in Vilaine Bay (Northwestern 
France). Because the toxic dinoflagellate Dinophysis 
spp. had been detected in the area from mid-May, 
okadaic acid (OA) and dinophysistoxins were sus-
pected to be the cause of these outbreaks, although 
the weekly monitoring tests by mouse bioassay had 
been negative. With the help of the French report-
ing system for food-borne disease outbreaks, the 
detailed data on epidemiology, mussel consumption 
and complete product traceback, were collected for 
11 individuals involved in three reported outbreaks. 
The batch of mussels identified as the source of these 
three outbreaks contained concentrations of toxins 
of the okadaic acid group that were approximately 
eight times higher than the European regulatory limit. 
Moreover, based on the consumption data available 
for the 11 cases, a lowest observable adverse effects 
level (LOAEL) was deduced. The LOAEL calculated from 
this study, although based on a very limited number of 
individuals, was in the same range, i.e. approximately 
50 μg OA equivalents per person, as the LOAEL estab-
lished by the European Food Safety Authority in 2006.

Introduction
Diarrhoeic shellfish poisoning (DSP) is a gastrointes-
tinal illness caused by the consumption of shellfish 
contaminated with algal toxins produced by marine 
dinoflagellates belonging to the genera Dinophysis 
spp. (D. fortii, D. mitra, D. rotundata, D. tripos, D. acuta, 
D. norvegica and D. acuminata) and Prorocentrum spp. 
(P. lima, P. maculosum, P. concavum, and P. hoffman-
nianum) [1,2]. The DSP toxins, including okadaic acid 
(OA) and its analogues dinophysistoxin-1 (DTX-1), dino-
physistoxin-2 (DTX-2) and dinophysistoxin-3 (DTX-3), 
belong to the larger group of lipophilic toxins which 
also includes the azaspiracid, yessotoxin and pec-
tenotoxin group toxins [3,4]. Since the discovery of 

DSP toxins in the late 1970s, DSP outbreaks have been 
reported worldwide [5]. To date, documented DSP cases 
including an exposure estimate, i.e. with consumption 
and contamination data collected at the same time, 
remain scarce. To a certain extent, this may be due to 
underdiagnosis and/or underreporting. Indeed, many 
consumers suffering from mild gastrointestinal disor-
ders do not consult a physician, and even if they do so, 
physicians might fail to diagnose DSP, since gastroin-
testinal symptoms are not specific. In July 2006, the 
European Commission requested the European Food 
Safety Authority (EFSA) to issue a scientific opinion 
assessing the current regulatory limits in the European 
Union (EU) with regard to human health and analytical 
methods for marine biotoxins. On 27 November 2007, 
the EFSA opinion on okadaic acid and its analogues was 
adopted [6]. Considering the acute toxicity of OA-group 
toxins, the expert panel on contaminants in the food 
chain decided to establish an acute reference dose 
(ARfD), which represents the amount of a substance 
that can be ingested in a period of 24 hours or less 
without appreciable health risk. The lowest observable 
adverse effects level (LOAEL) deduced from available 
human case reports was used to derive the ARfD. This 
LOAEL is about 50 μg OA equivalents (eq) per person, 
which approximates to 0.8 μg OA eq/kg bodyweight 
(bw) for a 60 kg adult. An uncertainty factor of 3 was 
applied to extrapolate this LOAEL to a no observed 
adverse effect level (NOAEL). The panel considered that 
it was not necessary to apply an additional uncertainty 
factor for the variation among humans as the data were 
based on observations in several hundreds of affected 
shellfish consumers, originating from various coun-
tries, and considered to account for the most sensitive 
individuals (i.e. the young children and elderly) [6,7]. 
Finally, the ARfD was calculated by dividing the LOAEL 
of about 0.8 μg OA eq/kg bw by the uncertainty fac-
tor of 3; it resulted in an ARfD of 0.3 μg OA eq/kg bw. 
Based on the ARfD, and assuming that this amount of 
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toxin could be contained in a single large portion of 
shellfish of 400 g, EFSA advised that a concentration 
of 45 μg OA eq/kg shellfish flesh would not result in 
risks to the consumer, whereas the EU limit is currently 
at 160 μg OA eq/kg shellfish flesh [8].

The Panel noted however that information on the doses 
and profiles of OA-related toxins provided in the major-
ity of reports on DSP outbreaks is very limited. Indeed, 
the toxin concentrations cannot be unequivocally 
established, particularly if the tested shellfish are not 
from the same batch as those consumed. Moreover, 
these studies rarely provide precise information on the 
amount of contaminated shellfish that has been con-
sumed by intoxicated people.

In June 2009, 11 DSP outbreaks were reported in France 
within a few days (from 3 to 9 June), involving 45 indi-
viduals who had consumed mussels. Following EFSA 
recommendations for detailed reports on shellfish 
consumption and collection of reliable data on toxin 
content in the event of DSP outbreaks [6], a thorough 
investigation of human cases was conducted with the 
help of the stakeholders involved in the French report-
ing system for food-borne disease outbreaks. Data on 
epidemiology, mussel consumption, complete product 
traceback and toxin content of the suspected mussel 
batch were examined for three of the 11 outbreaks. The 
aim of our study was to establish a dose-response rela-
tionship by calculating the LOAEL from this case study 
and to compare it to the one previously established by 
EFSA in 2006 [6].

Methods
Food poisoning outbreaks associated with 
mussels: reporting and investigation
Notification of food-borne outbreaks has been manda-
tory in France since 1987 [9]. Food poisoning outbreaks 
are notified to the regional public health authority 
and to the regional veterinary services and forwarded 
to the Health Emergency Mission of the Ministry of 
Agriculture. The regional veterinary services (Direction 
Départementale de la Protection des Populations, 
DDPP) are in charge of carrying out the food traceback 
investigation, withdrawing the incriminated food from 
the market and destroying the contaminated food. 
When shellfish are suspected of being contaminated, 
a sample is sent to the national reference laboratory 
(NRL) for the control of marine biotoxins of Maisons-
Alfort for analysis. Regional veterinary services report 
the results of their investigations to the regional pub-
lic health authorities which depend on the Ministry 
of Health. The Ministry of Health, with support from 
the regional offices of the National Institute for Public 
Health Surveillance (InVS), is in charge of the epidemi-
ological investigation (see Figure 1).

An outbreak is defined as an incident in which two or 
more cases had shared a common meal. For this inves-
tigation, the meal should include mussels. A case was 
defined as a patient with diarrhoea, i.e. at least three 

liquid stools in a day after having consumed mussels, 
in the period from 1 to 15 June 2009.

Data relating to the number of cases, onset dates, 
symptom identification, symptom severity and recov-
ery time were collected through interviews of cases and 
exposed persons. On request of our laboratory, since 
our intention was to deduce a LOAEL from the outbreak 
cases, the quantity of mussels consumed and also per-
sonal information (sex, age and weight) of the affected 
persons were added to the standard questionnaire.

Analysis of lipophilic toxins (okadaic 
acid and dinophysistoxins)
A 10 kg shellfish sample from the same batch as the 
one suspected to be involved in three outbreaks was 
collected by the DDPP of the département Morbihan 
and sent to NRL for the control of marine biotoxins 
of Maisons-Alfort for analysis of lipophilic toxins. A 
homogenate of the digestive glands of mussels was 
analysed by the mouse bioassay (MBA) described by 
Yasumoto et al. [3] to determine DSP toxicity according 
to EU Regulation 2074/2005/EC [10]. The MBA meas-
ures the total toxicity based on the biological response 
of the animals to the toxins. In order to determine the 
toxin profile of the sample, an in-house liquid chroma-
tography-tandem mass spectrometry (LC-MS/MS) vali-
dated test, based on a method developed by McKenzie 
et al. [11] and further adapted by the European Union 
Reference Laboratory [12], was used as an additional 
test to investigate these outbreaks. The LC-MS/MS 
analysis specifically detects, identifies and quantifies 
OA and its dinophysistoxins, as well as other lipophilic 
toxin groups for which a toxin standard per group is 
available (i.e. pectenotoxins, azaspiracids, yessotox-
ins, gymnodimine, spirolides). It became the reference 
method in the EU on 1 July 2011 [13].

Results
From 1 to 9 June 2009, 11 outbreaks involving a total 
of 45 individuals were reported through the food-borne 
outbreak reporting system in three départements 
of western France: Morbihan, Loire Atlantique and 
Gironde (Figure 2).

The investigation revealed that all of the intoxicated 
people had consumed mussels harvested from one 
production area (Vilaine bay) located in Morbihan, 
Brittany, between 29 May and 3 June 2009. They suf-
fered from diarrhoea, i.e. at least three liquid stools 
in a day, in some cases accompanied with abdominal 
cramps, as well as nausea and vomiting. In one case, 
fever (>37 °C) was also reported. The onset of symp-
toms ranged from three to 20 hours after consuming 
the mussels and recovery time was one to four days 
(Table 1).

Detailed investigation of Outbreaks 1, 2 and 3
Shellfish traceback
The traceback investigation showed that Outbreaks 
1, 2 and 3, involving at least 18 individuals in the 
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département Morbihan, were linked to a single batch 
of mussels from the Vilaine Bay. In this bay, a high 
risk period for Dinophysis has been defined between 
May and August [14]. During this period, both water 
and shellfish are sampled on a weekly basis, i.e. each 
Monday or Tuesday depending on the tide, at five pre-
defined sampling points for shellfish and six points 
for water. The MBA results are available by the end of 
the week, on Thursday or Friday, and communicated 
without delay to the local authorities for a decision 
on whether to open or close the harvesting areas. The 
harvested mussels incriminated in the three outbreaks 
came from an area where the presence of toxic dino-
flagellates Dinophysis spp. was detected from mid-May 
during the routine phytoplankton monitoring, but the 
weekly MBA were negative. Thus, the area remained 
open when 210 kg of mussels were harvested on 1 
June. Shellfish harvesting in the area was suspended 
on 3 June when the outbreaks became known. On 4 
June, the area was closed when the MBA result from 
that week showed a positive result. The distribution 
of the contaminated batch of mussels is described in 
Figure 3. The batch of 210 kg was separated into two 
parts: 10 kg were sold to a family (Outbreak 1) and 200 
kg were sold to a dispatch centre. Of these 200 kg, 50 

kg were sold to Restaurant A (Outbreak 2), 40 kg were 
sold to a family (Outbreak 3) and 10 kg were sold to 
Restaurant B. After notification of the outbreaks, the 
dispatch centre destroyed the remaining 100 kg. The 
10 kg sample distributed to Restaurant B was not 
consumed and was sent to the NRL for the control of 
marine biotoxins of Maisons-Alfort for analysis. As 
the presence of toxic dinoflagellate Dinophysis spp. in 
the water had been detected during the routine phyto-
plankton monitoring, the sample was initially screened 
for OA and dinophysistoxins.

Epidemiological and consumption data
The detailed results of the epidemiological investiga-
tion are summarised in Table 2. Information on the 
number of cases, including sex, age and weight, symp-
tom onset, reported symptoms and recovery time were 
available for 13 of the 18 ill individuals of Outbreaks 1, 
2 and 3.

The age of the cases ranged from 11 to 65 years (mean 
age: 39.5 years) and their weights ranged from 38 to 
95 kg (mean weight: 63 kg). The mean weight observed 
in this case study was close to the 60 kg body weight 
frequently used in risk assessment studies. Most of 

Figure 1
Reporting system for food poisoning outbreaks in France
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Regional veterinary services (DDPP) of  
the Ministry of Agriculture

Ministry of Agriculture (Health Emergency Mission)

ANSES/National Reference Laboratory
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the Ministry of Health
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Analysis of the incriminated food
Contribution to the risk assessment 

Epidemiological investigation

Physicians

Declaration of outbreaks

Heads of restaurants

ANSES: Agence nationale de sécurité sanitaire de l’alimentation, de l’environnement et du travail; DDPP: Direction Départementale de la 
Protection des Populations; InVS: Institut National de Veille Sanitaire.
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the intoxicated individuals were women (9/13). The 
reported symptoms included abdominal cramps and 
diarrhoea (13/13), nausea (8/13), vomiting (5/13) and 
fever (1/13). The symptoms occurred between three 
and 15 hours after shellfish consumption. In most 
cases, symptoms resolved one to four days after 

consumption. None of the people were hospitalised. 
Quantities of mussel consumption were reported for 11 
of 18 individuals, with the reported amounts varying 
from 150 to 900 g.

Content of lipophilic toxins in the 
suspected batch of mussels
The sample of mussels from the batch suspected to be 
involved in Outbreaks 1, 2 and 3 (Table 2) tested posi-
tive in the MBA indicating the presence of DSP toxins at 
a concentration higher than the regulatory limit of 160 
μg OA eq/kg shellfish flesh. The three mice tested died 
respectively in 47, 49 and 56 minutes. They exhibited 
symptoms typical of the OA group of toxins i.e. apathy, 
general weakness, difficulty to move, spasms, respi-
ratory distress and death. The analysis of the sample 
by the informative LC-MS/MS method showed that it 
contained 681 µg of free OA/kg and 580 µg of DTX-3/
kg. Hydrolysis of DTX3 toxins (esterified forms of par-
ent toxins, which can be OA, DTX1 or DTX2) gave free 
OA only. As indicated in the scientific opinion docu-
ment by EFSA, the toxicity equivalence factor (TEF) 
values for DTX3 are equal to those of the correspond-
ing unesterified toxins [6]. Consequently, the total 
concentration of OA was calculated at 1,261 μg OA eq/
kg shellfish flesh, which is approximately eight times 
higher than the European regulatory limit for OA group 
toxins. This high concentration explains the very short 
survival time of the mice and the rapid appearance of 
the symptoms following the consumption of the mus-
sels by those who had been intoxicated.

Discussion
From 1 to 9 June 2009, 11 DSP outbreaks involving a total 
of 45 individuals were reported. In comparison, a single 
DSP outbreak involving two individuals was confirmed 
in 2006, seven outbreaks involving 109 individuals in 

Figure 2
Geographic distribution of mussel food poisoning outbreaks 
and reported cases, France, June 2009 (n=45 cases)

The red circle indicates the area where contaminated mussels were 
harvested.

Number of outbreaks / reported cases
per département of residence

4 / 11 (Gironde)
2 / 12 (Loire-Atlantique)

5 / 22 (Morbihan)

Table 1
Epidemiological data of reported disease outbreaks associated with the consumption of mussels harvested in Vilaine bay, 
France, June 2009 (n=45 cases)

Outbreak Département Number of individuals
ill/exposed Date of meal Symptoms Time between meal and approx. 

symptom onset Recovery time

1a Morbihan 3/3 1 Jun 2009 AC, D 12–15 h 1-3 days
2a Morbihan 7/7 1 Jun 2009 N, AC, V, D, F 6–10 h 2-4 days
3a Morbihan at least 8 /UNKb 2 Jun 2009 N, AC, D 3–13 h 1 day
4 Morbihan 2/2 5 Jun 2009 N, V, AC, D 8–20 h at least 3 days
5 Morbihan 2/2 5 Jun 2009 UNK UNK UNK
6 Gironde 3/7 3 Jun 2009 D 4–16 h UNK
7 Gironde 3/3 4 Jun 2009 D 4 h 2 days
8 Gironde 2/2 4 Jun 2009 V, D 4–12 h UNK
9 Gironde 3/3 5 Jun 2009 V, D 8h UNK
10 Loire-Atlantique 10/10 1 Jun 2009 V, D UNK UNK
11 Loire-Atlantique 2/2 3 Jun 2009 UNK UNK UNK

AC: abdominal cramps, D: diarrhoea, N: nausea, V: vomiting, UNK: unknown.
a Outbreaks 1, 2 and 3 are described in full detail in Table 2.
b This outbreak occurred in a restaurant. The owner was informed that eight people fell ill after consuming mussels, only three of whom 

reported the intoxication to their physician. The total number of people who consumed the contaminated mussels is not known; 
consequently, the number of ill individuals may be underestimated.
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2007, and none in 2008 [15]. These outbreaks had been 
caused either by French mussels contaminated with OA 
group toxins or by Irish mussels contaminated with 
azaspiracides. As was the case in June 2009, most of 
these earlier DSP outbreaks occurred within a period of 
a few days because the regional veterinary services of 
the Ministry of Agriculture had withdrawn the incrimi-
nated food from the market and closed the production 
area following the results of the traceback investiga-
tion. If the shellfish are exchanged or exported, the 
Health Emergency Mission of the Ministry of Agriculture 
immediately notifies the European Commission using 
the Rapid Alert System for Food and Feed (RASFF). The 
goal of the notification is to give all RASFF members 

the information so that they can confirm whether the 
product in question is on their market and take the nec-
essary measures. In the case of the DSP outbreaks in 
June 2009, no RASFF alert was issued since the con-
taminated shellfish were only distributed on French 
territory. The production area was closed by prefec-
toral order on 3 June when the first three outbreaks 
were reported, and the suppliers and consumers were 
informed immediately in order to withdraw and/or 
recall the unconsumed shellfish.

The described outbreaks were the result of an unusu-
ally rapid shellfish contamination, occurring within one 
week in which Dinophysis density increased by a factor 

Figure 3
Distribution of the batch of mussels involved in three outbreaks of diarrhoeic shellfish poisoning, France, June 2009 

NRL: national reference laboratory

210 kg of mussels harvested on 1 June 

10 kg – direct sale

Outbreak 1 
(3 individuals ill)

200 kg – distributed to a dispatch centre

50 kg – distributed to 
Restaurant A

Outbreak 2 
(at least 8 individuals ill)

40 kg – direct sale 

Outbreak 3
(7 individuals ill)

10 kg – distributed to 
Restaurant B

Sent to the NRL for the control 
of marine biotoxins of 
Maisons-Alfort for  analysis of 
lipophilic toxins 

100 kg – destroyed by 
the dispatch centre 

Table 2
Epidemiological and consumption data in three outbreaks of diarrhoeic shellfish poisoning, France, June 2009 (n=18 cases)

Outbreak Date of 
consumption 

Number of individuals 
 ill/exposed and sex and age 
of the ill (in ascending order)

Weight of the 
intoxicated person

Quantity of mussels 
consumed (weight 

including shell)
 Symptoms Approx. symptom 

onset/ recovery time

1 1 June 2009
3/3 59 kg 400 g AC, D 15h / 1 day

1 male, 2 female 64 kg 400 g AC, D 12h / 3 days
32, 35, and 55 years-old 70 kg 400 g AC, D 12h / 3 days

2 1 June 2009

7/7

3 male, 4 female

11, 17, 18, 39, 40, 63, and 65 
years-old

90 kg 600–700 g N, V, AC, D 6h / 3 days
58 kg 700 g N, V, AC, D 6h / 3 days
67 kg ca. 900 g N, V, AC, D 6h / 4 days
58 kg ca. 150 g N, V, AC, D 6-7h / 2 days
48 kg ca. 400 g AC, D 6-10h / UNK
61 kg ca. 900 g N, V, AC, D, F 6-7h / 3 days
38 kg ca. 150 g N, AC, D 6-7h / UNK

3 2 June 2009
at least 8 / UNK 58 kg ca. 900 g N, AC, D 3h / 1 day

3 female 95 kg UNK AC, D 4h / 1 day
28, 39, and 62 years-old 58 kg UNK N, AC, D 13h / 1 day

AC: abdominal cramps, D: diarrhoea, F: fever (>37 °C), N: nausea, UNK: unknown, V: vomiting. 
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of 5 in the harvesting area, quickly contaminating the 
mussels with a high toxin level. At the time of the out-
breaks, the MBA was used for monitoring DSP toxins 
in shellfish; the result of the weekly test performed 
on the mussel sample harvested on 25 May was found 
negative on 29 May, whereas the result of the test on 
sample harvested on 1 June was found positive on 4 
June. The occurrence of these outbreaks demonstrates 
that even if an efficient monitoring system is in place, 
rapid shellfish contamination may appear suddenly 
and cause health problems. The following factors could 
be responsible for the failure of the monitoring system 
to detect the contamination: the level of contamination 
of the sample harvested on 25 May may not have been 
representative of the contamination within the produc-
tion area due to heterogeneity, and the MBA may have 
suffered from a lack of sensitivity for this sample [6]. 
This sudden toxic event could have been prevented 
by increasing the frequency of the sampling and/or 
the number of sampling points and/or by a quantita-
tive method to follow the increase of the toxins con-
tent in shellfish. The implementation of the LC-MS/
MS method as the reference method for monitoring 
lipophilic toxins [11] will make such quantification pos-
sible, and preventive actions can be taken to avoid the 
harvesting of shellfish in areas where a toxic episode 
is likely to occur.

Information in reports of DSP outbreaks rarely provide 
data on the actual quantities of toxin ingested by the 
intoxicated individuals since the tested shellfish sam-
ples often come from a batch different from the one con-
sumed. Based on the concentration and consumption 
data detailed here, the minimum amount of OA causing 
symptoms was estimated for 11 intoxicated individuals 
involved in three of the 11 reported outbreaks. It was 
possible to deduce a LOAEL from this study. The 10 kg 
of mussels, from the same batch as the one involved in 
the three outbreaks, represented 2.4 kg of raw flesh, 
thus the flesh/whole shellfish ratio was estimated to 
be 24%. Although the flesh ratio varies from batch to 
batch, the value of 24% is consistent with information 
released by the Food Safety Authority of Ireland (18–
24%) and the Food and Agriculture Organization of the 
United Nations (24%) [16,17].

In the outbreaks described here, the portion size 
ranged from 150 to 900 g of mussels, which translates 
to 36 to 216 g of mussel flesh. This is consistent with 
the data provided by the EU Member States to EFSA 
and the information included in EFSA’s comprehen-
sive database indicating that a portion size of 400 g 
of shellfish flesh has been identified as an appropriate 
estimate of a large portion [18].

Given that the toxin concentration in the incriminated 
batch was 1,261 µg OA eq/kg mussel flesh and that 
DSP symptoms were observed after consuming 36 to 
216 g of mussel flesh, the toxin intake inducing symp-
toms in the intoxicated individuals ranged from 45 to 
272 µg OA eq. The lowest toxin intake referred to two 

persons with a bodyweight of 38 and 58 kg, respec-
tively. It corresponds to 1.2 µg and 0.8 µg OA eq/kg 
bw, respectively. Therefore, the LOAEL deduced from 
our study was 45 µg OA eq/person or 0.8 µg OA eq/kg 
bw for the most sensitive person.

Finally, the data collected in our study, although based 
on a limited number of individuals, support the LOAEL 
for human illness of approximately 50 μg OA eq/person 
or 0.8 μg OA eq/kg bw for a 60 kg adult established by 
the EFSA in 2006 [6].
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