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Fecal coliforms, Salmonella and antigens linked to hepatitis A virus were 
searched for in shellfish collected in farms or natural beds along the French 
coast. Statistical analysis was performed on 176 test samples harvested at 8 dif
ferent stations. For fecal coliforms, there were significant statistical differences 
between stations (F = 44.39; p < 0.001). Salmonella was found more frequently in 
2 of the stations and was isolated more often in stations where mean fecal coli
form contamination was high. The presence of antigens linked to hepatitis A 
virus was low (detection in only 2 stations where mean fecal coliform contami
nation was also low). No relation between viral and bacterial markers was ob
served at any of the stations. 

Introduction 

There is ample epidemiological evidence .that shellfish are key vectors in the 
transmission of viral and bacterial deseases to man (GOH et al. 1987, KONNO et 
al. 1983, RICHARDS 1985, KLONTZ et al. 1987, REEVE et al. 1989, SEKINE et 
al. 1989). Because of the great variety of contaminants, overall assessment of 
shellfish salubrity is difficult. Comparative studies of viral and bacterial con
tamination have been performed (ELLENDER et al. 1980a, 1980b, SOBSEV et al. 
1980), but more data are required. The purpose of our yearlong study was to 
search for fecal coliforms (FC), Salmonella and the presence of antigens linked 
to hepatitis A virus (HAV) in a large n·umber of shellfish samples and to consider 
possible relations between these microorganisms. 

Material methods 

Sampling: Eight sampling stations were selected in different shellfish farming 
areas or natural beds along the French coast. In all of these sites, 3 types of 
shellfish were collected: oysters (Crassostrea gigas), mussels (Mytilus edulis and 
Mytilus galloprovincialis)'j and cockles (Cerastoderma edule). Shellfish samples 
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were obtained at each site every 2 weeks on average during a year's time for a 
total of 176 samples. 

Preparation of samples: For each sample, 75 g of meat and shell liquor were 
ground in a mixer (Waring bl.ender, Bioblock Scientific) for 45 sec. at i5,000 
rpm. 

For bacteriological analysis, the homogenate was diluted with O,l % (W /V) sterile 
tryptone water (two parts by weight). The initial suspension, obtained in this 
way, constituted the sample for analysis (3 ml of initial suspension corresponding 
to l g of meat and shell liquor). 

For viral analyses, further steps were taken with the sample. Elution of viral 
particles was performed on 50 ml of the homogenate by 15 min. magnetic stir
ring in 150 ml of borntR buffer 0.01 M containing 3 % . beef extract (pH 9.0). 
After being clarified by centrifugation (10,000 g for 45 min. at +4 °c), the 
supernatant was collected and neutralized (pH 7 .2) prior to viral particle precipi
tation by PEG 6000 (final concentration: 10 % W/V). After homogenization and 
incubation (one night at +4 °C), the mixture was clarified (l0,000 g for 90 min. 
at +4 °C). The pellet was then resuspended (40 ml of elution buffer) and a sec
ond viral particle precipitation was performed. The final pellet, resuspended in 
3 ml phosphate-buffered saline (PBS), pH 7.2, constituted the sample for analy
sis. 

Bacteriological analysis: FC enumeration was performed in liquid medium ac
cording to the modified AFNOR NF V45110 method (circulaire interministerielle 
Agriculture/Mer, 1988). Results are expressed as the most probable number 
(MPN) of microorganisms per 100 g of shellfish (meat and shell liquor) calculated 
using the DE MAN table (1983). Detection of Salmonella was performed accord
ing to the modified ISO 6579 method (circulaire interministerielle Agriculture/ 
Mer, 1988). The serovar of isolated Salmonella strains was determined by the 
National Reference Center for Salmonella at the Pasteur Institute (Paris, 
France). 

Viral analyses: Screening for HAV-linked antigens was performed using a radio
immunoassay (RIA) (PURCELL et al. 1976). Antigen presence was revealed by 
iodine-125-labeled anti-HAV IgG. The P/N ratio between the number of cpm in 
the sample tested (P) and the mean cpm of negative samples (N) had to be equal 
to or greater than 2.1 for the sample to be considered positive. Radiocompeti
tion specificity tests (FLEHMING et al. 1978) were carried out on all positive 
samples to confirm the presence or absence of HAV-linked antigens (ns/ps � 
2.1). These different methodologies used previously for detection of HAV in the 
environment have already been described in detail (PIETRI et al. 1987, 1988). 

Statistical analyses: Comparison of stations according to mean FC contamination 
was performed using the F test of FISHER and SNEDECOR; detection percent
ages were compared using the X 2 test of PEARSON with YATES correction 
(SCHWARTZ 1986). 

Results and discussion 

The mean number of FC found in the different samples (Table 1) ranged from 16 
to 1,600 MPN/100 g according to -station. The results were thus significantly dif
ferent between stations (F = 44,39; p <0.001). Stations 1, 4, 7 and 8 were on the 
whole more contaminated than stations 2, 3, 5 and 6, with respect to the usual 
threshold value of 300 FC (log = 2,48). Roughly 4.5 % of samples (most frequent-
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Table l. Mean fecal coliform contamination and percentages of detection of 
Salmonella and HAV-linked antigens in shellfish from each sampling station. 

Sample Number of Mean logarithmic counts Salmonella Ag. HAV 
collection collected of fecal coliform positive positive 

sites samples (min.-max.) samples (%) samples (%) 

l 24 2. 78(1. 73-4.48) 8.33 0 

2 24 1.20(1.00-2.36) 0 0 

3 24 1.41(1.00-3.08) 0 0 

4 18 3.21(1.95-4.08) c c /' 

.Jo.JO 0 

5 24 1.62(1.00-3.38) 4.17 8.33 

6 21 l. 94(1.00-3.08) 4.76 4.76 

7 19 3.12(1.95-4.82) 0 0 

8 22 3.11(1.95-3. 73) 13.64 0 

F =44.39 

p <0.001 

ly those from stations l and 8) were contaminated by Salmonella. The serovars 
found were: diarizonae Illb (twice), paratyphi B (twice), mbandaka, newport, 
regent, subspecies l 4, 12: d:-. 

HAV-linked antigens were detected in 1.7 % of the samples analyzed, and speci
ficity tests confirmed the positive results found by RIA. For stations 5 and 6, 
respectively about 8.3 % and 4.8 % of samples were contaminated. Given the low 
frequency of detection of Salmonella and HAV-linked antigens, statistical analy
sis of these results was not feasible. However, when the sampling stations were 
divided into 2 groups determined above (Table 2) according to their rates of FC 

Table 2. Percentages of detection of Salmonella and HAV-linked antigelils in 
shellfish from the 2 groups of sampling stations. 

Group of Mean logarithmic Number Salmonella Ag-HAV 
collection counts of fecal of positive positive 

sites coli forms results samples (%) samples (%) 

A 
(2,3,5,6) � 2.48 93 2.15 3.61 

(1,4, 7 ,8) > 2.48 83 7.23 0 
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contamination, the percentage of Salmonella detection was different for the 2 
groups. The frequency of Salmonella isolation was higher for the group of sta
tions with a higher mean FC contamination. For HAV, the presence of virus
linked antigens was detected in the group of stations with the lower mean FC 
contamination. 

Table 3. Percentages of detection of Salmonella and HAV-linked antigens in 
shellfish relative to the two categories of fecal coliform results. 

Class of fecal Number Salmonella Ag-HAV 
coliform counts of positive positive 

MPN/100 g results samples (%) samples (%) 

� 300 105 0.95 1.90 

> 300 71 9.86 1.41 

X 2=9.93 
p<0.01 

s 

A further analysis was made, all stations combined, in which the different FC 
enumeration results were grouped in two categories (Table 3) with respect to the 
threshold value of 300 FC/100 g. In this configuration as well, the percentages 
of Salmonella detection were significantly different for the two categories (X 2 = 
9.93; p <0.01). However, the percentages of detection of HAV-linked antigens 
were very similar for both categories. 

Previous studies have indicated an apparent correlation between FC contamina
tion in water and the frequency of Salmonella isolation (BREZENSKI 1971, 
GELDREICH 1970, GRUNNET et al. 1970, MOORE et al. 1979). In general, the 
probability of finding Salmonella increases as CF rates rise, and this probability 
seems to be greater in saltwater than in freshwater (SMITH et al. 1973). How
ever, Salmonella can also be found in water containing no or few FC (SELIGMAN 
and REITER 1965). Our observations in shellfish are in agreement with these 
findings. All stations combined, the percentage of Salmonella detection was 
higher for results above the threshold value of 300 FC. However, Salmonella 
were also isolated in a sample in which FC values were normal. Although sys
tematic FC counts are of unquestionable practical value in assessing the bacte
riological quality of water and shellfish, nevertheless, it should be recognized 
that this test is not infallible. 

The results of our viral research show that the presence of HAV-linked antigens 
was low in all samples tested and that no statistical interpretation was thus 
feasible. It is difficult to detect relationships between bacterial and viral con
tamination of shellfish (SOBSEY et al. 1980, ELLENDER et al. 1980a, 1980b), so 
that most studies have been carrie-d out on cell-culturable viruses. However, in a 
recent study (JOFFRE, pers. comm.) concerning the presence in mussels of HAV 
as well as enteroviruses, rotaviruses and FC (among other bacterial indicators), 
no correlations could be found for the coexistence of these microorganisms. 
Moreover, HAV was detected in an area of good bacteriological quality, which 
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was also the case in our study (HAV-linked antigens were ,detected at 2 of our 
stations with normal bacteriological levels). 

It may be concluded that shellfish monitoring based both on bacterial and viral 
analysis would provide a better estimation of salubrity. 
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