Shellfish from Oosterschelde (North Sea) production areas contain
pathogenic Vibrio species
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Introduction

Vibrio spp. are common inhabitants of various aquatic environments; some species are human
pathogens that have been associated with wound and ear infections after exposure to
contaminated waters, and gastroenteritis after consumption of contaminated seafood or water.
Septicemia does occur, but is rare (Oliver and Kaper, 1997; Morris, 2003).

During the warm summer of 2006, Vibrio infections in bathers were reported from several
countries in North-West Europe, including the Netherlands, where four people developed V.
alginolyticus infections after swimming in the Oosterschelde (North Sea) that is also known
for its production of bivalve mollusks (Schets et al., 2006). Bivalve mollusks concentrate
pathogens such as Vibrio from contaminated water, and since they are generally consumed
raw, they are potential vectors of disease. Outbreaks of shellfish related Vibrio infections have
not been reported in the Netherlands to date, but such outbreaks are common in other parts of
the world (Potasman et al., 2002; McLaughlin et al., 2007). V. parahaemolyticus is the
leading cause of Vibrio-associated gastroenteritis in the United States (Potasman et al., 2002)
and of food borne illness in Japan (Lee et al., 2001), whereas death associated with seafood
consumption in the United States is mainly caused by V. vulnificus (Morris, 2003). Increased
numbers of V. parahaemolyticus infections in the United States since the mid-1990s may be
due to an increasing water temperature in the shellfish harvesting areas (Daniels et al., 2000).
The aim of this study was to detect and quantify Vibrio spp. in oysters (Crassostrea gigas)
and mussels (Mytilus edulis) harvested from various Oosterschelde production sites, non-
commercial C. gigas collected from the Oosterschelde, and C. gigas purchased in Dutch fish
shops, and relate Vibrio numbers in Oosterschelde shellfish to the water temperature.

Materials and methods

Composite samples were prepared consisting of at least 25 gram of material obtained from at
least six oysters or approximately ten mussels; one composite sample was analyzed per
sampling day. Shellfish homogenates were incubated in alkaline buffered peptone water
(ABPW) for 6-8 h at 36 + 2 °C and, in parallel, in ABPW without sodium chloride for 16-20 h
at 36 + 2 °C. ABPW cultures were spread onto Thiosulphate Citrate Bile Sucrose agar plates
which were incubated at 36 + 2 °C for 16-20 h. Presumptive Vibrio spp. were further tested
and identified as described by Schets et al. (2010).

In all shellfish samples, Escherichia coli were enumerated using the most probable number
(MPN) method according to ISO/TS 16649-3 (2005). The maximum likelihood method was
used to estimate Vibrio and E. coli MPN in the shellfish by using Mathematica 5.1.

Results and Discussion

Different Vibrio spp. were detected in oysters and mussels destined for direct human
consumption harvested from Oosterschelde production areas (Table 1), in oysters collected at
non-commercial sites in the Oosterschelde (231->2398 MPN/qg), and also in oysters purchased
in Dutch fish shops (231->333 MPN/g). V. alginolyticus was the most frequently isolated
species, followed by V. parahaemolyticus. One oyster sample from a non-commercial
Oosterschelde site contained V. cholerae non-01/0139.

Eighty percent of the total of 229 isolated presumptive Vibrio strains was V. alginolyticus; the
species was found in 66% of the oyster and mussel samples. Although V. alginolyticus is a
frequently reported cause of ear and wound infections, the species has not been associated
with gastro-intestinal illness through consumption of contaminated seafood (Morris, 2003).
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About 10% of the 229 isolated strains were identified as V. parahaemolyticus; 17% of the
oyster and mussel samples contained this species. The 24 V. parahaemolyticus strains did
neither have tdh nor trh genes.

Table 1: Total Vibrio levels (MPN/g) in commercial oysters and mussels from Oosterschelde
production areas, and the Vibrio species isolated from the positive samples.

sampling date  oysters mussels
MPN/g isolated species (no.) MPN/g isolated species (no.)

14-06-2007 231 V. alginolyticus (6) 23 V. alginolyticus (7)

16-08-2007 23 V. alginolyticus (8) 23 V. alginolyticus (4)
V. parahaemolyticus (1)

14-09-2007 622 V. alginolyticus (7) 23 V. alginolyticus (5)
V. parahaemolyticus (3)

27-09-2007 62 V. alginolyticus (8) 62 V. alginolyticus (5)

V. parahaemolyticus (7)

11-10-2007 62 V. alginolyticus (10) 0 none

25-10-2007 0 none 0 none

21-11-2007 0 none 0 none

19-12-2007 0 none 0 none

23-05-2008 0 none 0 V. alginolyticus (5)

17-07-2008 231 V. alginolyticus (5) 6 V. alginolyticus (5)

14-08-2008 231 V. alginolyticus (6) 23 V. alginolyticus (5)
V. parahaemolyticus (1)

10-09-2008 231 V. alginolyticus (5) 231 V. alginolyticus (9)

08-10-2008 6 V. alginolyticus (8) 6 V. alginolyticus (8)

20-11-2008 0 none 0 none

18-12-2008 0 none 0 none

total V.alginolyticus (102) V.alginolyticus (53)
V.parahaemolyticus (11) V.parahaemolyticus (8)

A temperature dependent occurrence of Vibrio spp. in the tested bivalve mollusks was
observed (Figure 1), in agreement with findings published by others (Bauer et al., 2006; Lhafi
and Kuhne, 2007; McLaughlin et al., 2007). However, in contrast to what Bauer et al. (2006)
and Lhafi and Kiuhne (2007) found, Vibrio spp. were not detected in shellfish when the
Oosterschelde water temperature was below 13.5 °C. The suggested adaptation of Vibrio spp.
to low water temperatures (Lhafi and Kihne, 2007) may not have occurred in the
Oosterschelde, or the lack of detection in samples taken during colder months was due to low
Vibrio levels and a limited amount of homogenate tested.
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Figure 1: The concentration of Vibrio spp. in (A) oysters (Crassostrea gigas) and (B) mussels
(Mytilus edulis) from Oosterschelde production areas. The bars display the 95%-confidence
interval. The water temperature in the Oosterschelde was recorded on site at the time of
shellfish sampling.



Compared to the US-FDA (2007) guideline value of 10,000 MPN/g V. parahaemolyticus,
shellfish from Dutch production areas and oysters bought in Dutch fish shops contained low
numbers of V. parahaemolyticus; V. cholerae non-01/0139 was not found in these shellfish.
Based on these results and the high V. parahaemolyticus dose required for infection (US-
FDA, 2005), the risk of V. parahaemolyticus gastrointestinal infections through consumption
of shellfish from Oosterschelde production sites is presumably low. Higher Vibrio levels
were, however, found in samples of non-commercial oysters from the Oosterschelde,
indicating that picking and consuming of these C. gigas may be a risk factor for
gastrointestinal illness through infection with V. parahaemolyticus.

All commercial oysters and mussels tested contained low E. coli levels (oysters: 0-20
MPN/100 g; mussels: 0-128 MPN/100 g). As in other studies (Lhafi and Kihne, 2007), there
was no correlation between E. coli counts and Vibrio presence.

Conclusions

Low numbers of pathogenic Vibrio species were detected in shellfish from the Oosterschelde
production areas, indicating a low risk of gastrointestinal illness through consumption of these
shellfish. However, the temperature dependent occurrence of Vibrio has been demonstrated
and when global warming leads to elevated water temperatures in the moderate climate
regions of north western Europe in future years, favorable growth opportunities for
pathogenic marine Vibrio species may develop (Schijven and de Roda Husman, 2005). As a
result human exposure to high numbers of these pathogens through consumption of
contaminated seafood may increase.
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