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Summary 

To study the influence of environmental and biological factors on levels 

of contamination by Escherichia coli, Salmonella spp., hepatitis A virus 

(HAV) and norovirus in clam production areas, an epidemiological 

study was conducted on 791 samples of live clams (Ruditapes 

decussatus), 539 of which were sent for bacteriological analysis and 

252 for detection of norovirus and HAV. These samples were collected 

in different production areas in the Sfax region of southern Tunisia over 

four consecutive years, from March 2013 to December 2016. The 

prevalence of positive samples was 36% for E. coli, 11% for Salmonella 
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spp., 19% for norovirus and 3% for HAV. There was a significant 

correlation between contamination by E. coli and by Salmonella spp., 

as well as between contamination by noroviruses and by HAV and 

between contamination by noroviruses and by Salmonella spp. 

Temperature, the presence of migratory birds and tourism are the main 

factors affecting microbial contamination levels in bivalve molluscs. 
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Introduction 

Molluscs filter large quantities of water in order to extract nutrient 

particles. But pathogenic microorganisms, toxic substances and toxic 

phytoplankton in the water can also become concentrated in these 

mollusc organisms and transmitted to consumers. When ingested, either 

raw or lightly cooked, these shellfish can cause foodborne diseases, the 

symptoms of which are generally digestive in nature. A study carried 

out in the United States of America on several surveillance systems 

showed that 58% of food-related diseases are attributable to viruses, in 

particular human norovirus and hepatitis A virus (HAV) (1). The latter 

are commonly associated with cases of gastroenteritis that are linked to 

consumption of this type of food (2). Noroviruses are the most 

frequently identified cause of acute, non-bacterial gastroenteritis in all 

age categories worldwide. Diarrhoeal diseases are one of the main 

causes of mortality in children under the age of five and there are almost 

1.4 billion cases each year, and 1.6 to 2.5 million deaths, largely in 

developing countries (3, 4, 5). In France, cases of hepatitis A are rare. 

Contaminated food is involved in 17% of cases, with shellfish suspected 

in half of them (6). Each year in the United States of America, 

noroviruses cause an average of 19 million to 21 million cases of 

gastroenteritis. This results in 56,000 to 71,000 hospitalisations and 570 

to 800 deaths, mainly in young children and the elderly (7). 

A number of epidemiological studies highlight the role of bivalve 

molluscs in epidemic episodes of viral hepatitis A. The most severe 
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epidemic occurred in 1988 in Shanghai (People’s Republic of China) 

with 300,000 cases linked to the consumption of shellfish collected 

from a contaminated site (8). In Tunisia, hepatitis A remains a common 

infection, mostly in children. In 2008, Rezig et al. (9) reported a very 

high level of HAV endemicity in Tunisia, as 84% of children had 

already been infected by the virus within the first five years of life. 

Salmonellosis, caused by enterobacteria of the genus Salmonella, is one 

of the most common and widespread foodborne diseases. It has been 

estimated that several tens of millions of human cases are recorded each 

year and the disease results in more than 100,000 deaths (10). Shellfish, 

consumed raw or lightly cooked, can cause outbreaks of food poisoning 

the symptoms of which are generally digestive in nature (11). Of 

520 outbreaks of food poisoning, 51 (9.8%) involved seafood products, 

of which 13 (2.5%) involved shellfish. Moreover, experts believe that 

these official statistics represent only 1% to 10% of actual cases of 

salmonellosis (12, 13). 

In 2010, the pathogenic agents responsible for the majority of food-

related deaths were Salmonella Typhi (52,000 deaths), 

enteropathogenic Escherichia coli (37,000 deaths) and noroviruses 

(35,000 deaths) (14). 

This makes an analytical study of environmental factors critical for 

assessing the source of contamination of bivalve molluscs by these 

agents and its impact on consumers. 

European regulations stipulate that, to be allowed on the market, live 

bivalve molluscs cannot contain any Salmonella spp., and that levels of 

E. coli contamination must be fairly low (< 230 colony forming units 

[CFU]/100g of flesh and intervalvular liquid [FIL]). 

In Tunisia, the shellfish sector plays a major role in the country’s 

economy. It provides unskilled jobs and, most important of all, it is a 

significant source of foreign currency, because the majority of Tunisian 

bivalve mollusc production is exported to Europe. 
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Collecting clams (Ruditapes decussatus) is one of the main fishery and 

aquaculture activities in Tunisia. The average annual output is in the 

order of 564 tonnes (15, 16, 17). Local consumption of clams in Tunisia 

is very limited and more than 99% of production is destined for export 

to European Union countries (primarily Italy and Spain). However, the 

sector is as fragile as it is promising, and affected by many factors, the 

most important of which are disease risks. Because clams feed through 

a water filtration system, like all bivalve molluscs, they concentrate 

particles and microorganisms (18). In addition, they play a very 

important role in pathogen transmission, as people often consume these 

molluscs raw (18). 

This article presents the first environmental study carried out in the Sfax 

region of southern Tunisia, during which microbiological 

contamination risk factors for clams were examined over four 

consecutive years. The objectives of the study were:  

– to determine the levels of contamination by E. coli, Salmonella spp., 

the hepatitis A virus and noroviruses in clams collected from different 

sites 

– to study the link between environmental, biological and 

meteorological factors and levels of contamination of clams by E. coli, 

Salmonella spp., the hepatitis A virus and noroviruses in production 

areas. 

Materials and methods 

Description of the survey 

The environmental survey was conducted in collaboration with the 

following partners:  

– The Microbiological Surveillance Network (Réseau de Surveillance 

Microbiologique: REMI), which checks the microbiological quality of 

live bivalve molluscs every two weeks. The analyses, carried out by the 

Veterinary Research Institute in Sfax (Institut de Recherche Vétérinaire 

de Sfax: IRVT Sfax), look for E. coli and Salmonella spp. in the flesh 
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and intervalvular liquid of shellfish, using the ISO 16649-3:2015 (19) 

and ISO 6579-1:2017 (20) standards, respectively 

– The Virological Surveillance Network (Réseau de Surveillance 

Virologique: REVI), which checks the microbiological quality of live 

bivalve molluscs every two weeks. The analyses, carried out by the 

National Institute of Marine Sciences and Technologies, which is 

located in La Goulette (the port in Tunis, the capital city of Tunisia), 

detect ribonucleic acids (RNA) of noroviruses in genogroups I and II 

(GI and GII) and HAV using the real-time reverse transcription 

polymerase chain reaction (RT-PCR) technique, in accordance with 

ISO 15216-1:2017 (21). 

In total, 791 samples of clams (R. decussatus) were collected from 

different production sites in the Sfax region over a period of four years, 

from March 2013 to December 2016. Of these, 539 samples were used 

to search for E. coli and Salmonella spp., while the remaining 252 were 

used to detect the RNA of the hepatitis A virus and noroviruses. 

A questionnaire was drawn up for all samples with microbial and/or 

viral contamination (E. coli > 230 CFU/100 g FIL, presence of 

Salmonella spp., detection of norovirus RNA and/or HAV). This 

questionnaire examined the factors associated with microbial 

contamination during the period in which the shellfish were harvested. 

Firstly, it was necessary to determine the harvest date of the samples, 

in order to identify the season. Next, the factors observed during sample 

collection, such as the temperature, the presence of migratory birds and 

whether it was the tourist or sheep-shearing season, were identified. 

Finally, the proximity of shellfish production sites to locations where 

sea water mixes with waste water and water channelled from wadis 

(valleys, ravines or channels that are dry except during the rainy season) 

was examined. These parameters were used to calculate the average 

positivity, depending on the period, using Student’s t-test. 

The survey also exploited the positive results (bacterial and/or viral 

contamination) for each period by calculating the correlation factor 

between contamination by these different micro-organisms using 

Pearson’s correlation test. 
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Identification and quantification method for microbial 

contaminants  

The ISO 16649-3:2015 method (19) is the reference technique for the 

enumeration of E. coli. This is a horizontal method for identifying and 

enumerating E. coli β-glucuronidase by culture in a liquid medium 

(glutamate) and calculating the most probable number (MPN) after 

incubation at 37°C ± 1°C, then at 44°C ± 1°C on tryptone bile X-

glucuronide (TBX) agar. 

The ISO 6579-1:2017 method (20) is the reference technique for the 

identification of salmonella. This horizontal method is used to detect 

the majority of Salmonella serovars. It requires a pre-enrichment phase 

using buffered peptone water and enrichment on two specific liquid 

mediums: Rappaport-Vassiliadis Soya (RVS) broth and Müller-

Kauffmann Tetrathionate-Novobiocin (MKTTN) broth, followed by 

isolation on two solid mediums: Xylose-Lysine-Deoxycholate (XLD) 

agar and Brilliant Green (BG) agar. Where colonies are suspected, they 

must be identified and confirmed by biochemical and serological 

analysis. 

The samples were analysed as follows: 170 samples were analysed at 

IRVT Sfax and 230 samples were sent for analysis to a bacteriological 

analysis laboratory in Italy (Centro Ricerche Marine, Cesenatico). 

Identification and quantification method for viral 

contaminants 

The ISO 15216-1:2017 (21) standard describes a method for the 

quantification of HAV RNA and the norovirus genogroups GI and GII, 

found in the samples, and is used for testing food (soft fruits, vegetables, 

leaves, stems, bulbs, bottled water and live bivalve molluscs) and food 

preparation surfaces.  

The method for bivalve molluscs is as follows: a 2-gram sample of the 

digestive gland is taken from live molluscs and cut into very small 

pieces. For virus extraction, the pieces are mixed with 10 µl of the 

process control material, constituted with the Mengo virus. 
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Immediately after this, 2 ml of a proteinase K solution (30 U/mg) is 

added. The mixture is incubated in a shaking incubator at 37°C for 

60 minutes at 320 rpm, then the mixture is incubated at 60°C for 

15 minutes. The resulting solution is centrifuged at 3,000 g for 

5 minutes, then 500 µl of supernatant containing the viruses is treated 

to extract and concentrate the viral RNA. Two millilitres of the viral 

capsid lysis solution composed of guanidine thiocyanate is then added. 

Following incubation for 10 minutes at ambient temperature and the 

washing and centrifugation phases, the viral RNA is recovered by 

selective adsorption on silicon. Each target HAV and the norovirus 

genogroups GI and GII are detected and quantified using quantitative 

RT-PCR (qRT-PCR). This kinetic quantification and analysis is based 

on the real-time detection of a fluorescent signal of intensity 

proportional to the quantity of the PCR product generated during 

amplification. 

Statistical studies 

In order to exploit the results of the survey, a statistical analysis was 

performed using the SPSS 20.0 software (SPSS, Chicago, Illinois, 

United States of America). An average-to-average comparison was 

carried out using Student’s t-test. The correlations between values were 

analysed using the Pearson correlation coefficient. P-values lower than 

0.05 were considered to be statistically significant. 

Results 

Influence of environmental, biological and seasonal factors 

on contamination levels in clam production areas 

Contamination by Escherichia coli 

Out of the 539 clam samples analysed, 194 (36%) had levels of E. coli 

contamination that were above the regulatory limit 

(> 230 CFU/100 g FIL) (Table I). 

Monitoring of E. coli contamination over time showed that 

contamination rose significantly between the summer and winter 

periods (Fig. 1). The survey found a contamination level of 21% to 23% 
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in the months of September and October, a period marked by the 

presence of migratory birds. 

A correlation was also observed between 6% of cases of E. coli 

contamination and the location of clam production sites near areas 

where seawater mixes with water from wadis or waste water, as well as 

between 2% of the contamination cases recorded during the spring and 

when wool is washed on the seashore near production areas. 

Contamination by Salmonella spp. 

In total, 59 samples of R. decussatus out of the 539 analysed were 

contaminated with Salmonella spp., or around 11% (Table I). The study 

showed that there was a significant spike of 31% in cases of Salmonella 

contamination in the spring (Fig. 1), which is a period marked by 

variations in temperature and wind that are conducive to the 

development of Salmonella. A total of 28 of the 59 cases (47.4%) had 

high levels of E. coli and Salmonella spp. contamination during two 

periods of the year: from March to May and from September to 

November (Fig. 1). 

Contamination by noroviruses 

The survey showed that 19% of the R. decussatus samples (48/252) 

were contaminated by noroviruses (Table I). Examination of the 

seasonal pattern of contamination in bivalve molluscs by noroviruses 

revealed higher levels of contamination during the months of March 

and April. A lower percentage was observed between the months of 

August and October (Fig. 1). Typing of the 48 noroviruses detected in 

the current study found a predominance of genogroup GI compared 

with genogroup GII (78% vs 21.8%). 

The results showed that 58.3% (28/48) of samples that were positive for 

norovirus were also contaminated by Salmonella spp. and/or E. coli. 

Contamination by hepatitis A virus 

An HAV contamination level of 3% was found in clams in the samples 

examined (Table I). The study showed that the pattern of HAV 
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contamination in bivalve molluscs depends on the season, with a spike 

in March and another in July (Fig. 1). 

Correlations between clam contamination by the agents 

under study and biotic and abiotic factors 

Correlations between levels of clam contamination by the 

different enteropathogenic microbes under study 

The Pearson test was used to analyse the correlation between clam 

contamination by E. coli, Salmonella spp., noroviruses and HAV 

respectively (Table II). 

Statistical analyses found a highly significant correlation between 

contamination by E. coli and by Salmonella spp. (p < 0.001), showing 

a positive association with a correlation factor of 0.216. A highly 

significant correlation was also observed between clam contamination 

by Salmonella spp. and by noroviruses (p < 0.001). This positive 

association had a correlation factor of 0.269 (Table II). 

A significant association was found between clam contamination by 

noroviruses and by HAV, with a p-value of 0.031 and a correlation 

coefficient of 0.135. 

However, contamination by E. coli, by noroviruses and by HAV, 

showed an inverse correlation, with correlation factors of -0.045 and -

0.074, respectively. This correlation is not statistically significant, with 

p-values of 0.481 for noroviruses and 0.245 for HAV. 

An analysis of the linear correlation between contamination by HAV 

and by E. coli gave a correlation coefficient r of -0.02, i.e. too close to 

zero, indicating no link between the two pathogenic agents. 

No significant correlation was found between the presence of 

Salmonella spp. and HAV (p = 0.401), with a correlation coefficient of 

-0.053 (Table II). 
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Seasonal variations 

Student’s t-test was used to analyse variations in levels of clam 

contamination by E. coli, Salmonella spp., noroviruses and HAV 

depending on variations in temperature, represented by four periods of 

the year: January to March (period 1), April to May (period 2), June to 

August (period 3) and September to December (period 4). 

These analyses found no significant difference between the microbial 

load of E. coli (p = 0.098), Salmonella spp. (p = 0.383), noroviruses 

(p = 0.822) and HAV (p = 0.495) between periods 1 and 2 (Table III). 

A significant difference was found for E. coli (p = 0.002) between 

periods 1 and 3, with a greater load during period 3 (Table III). 

Conversely, during the same periods, no significant difference was 

observed for Salmonella spp., noroviruses and HAV. 

Significant differences in the bacterial load were found between 

periods 1 and 4 for E. coli and Salmonella spp., with p-values of 0.004 

and 0.012 respectively. The bacterial load was greater during period 4. 

No difference in the bacterial and viral load was observed between 

periods 2 and 3. 

Contamination of clams by E. coli was significantly higher during 

period 4 compared with period 2 (p = 0.030) (Table III). There was no 

significant difference for the other microorganisms between these two 

periods. 

The average positivity for periods 3 and 4 was significantly higher 

during period 4 for E. coli and Salmonella spp., with p-values of 0.018 

and 0.009 respectively. 

No significant difference in the average positivity for the viral load was 

recorded between the four periods of the year. 
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Discussion 

Bacterial and viral contamination of clams 

Contamination by Escherichia coli and Salmonella spp. 

There were several environmental factors conducive to the 

contamination of clams by E. coli and Salmonella spp. The first of these 

factors was the season and, more specifically, the presence of migratory 

birds (pink flamingos) from September to October. Just like poultry, 

these birds play host to enterobacteria in their intestines. In 1979, Baylet 

and Rollin (22) found salmonella in the intestines of pink flamingos and 

E. coli, a classic indicator of faecal pollution of water, in the digestive 

flora of seagulls in the Camargue (France), which occupy virtually the 

same ecological niche as pink flamingos (22). These birds gather by the 

seashore to feed, resulting in their faeces contaminating both the water 

and marine food products. According to the European Union, the risk 

of faecal contamination from human and animal sources in bivalve 

molluscs is determined by the concentration of E. coli in samples taken 

from production areas (23). Birds living in these ecosystems can carry 

several zoonotic pathogens (viruses, bacteria, parasites, fungi) (24). 

There is also a link between faecal contamination levels and the location 

of sites where seawater mixes with water from wadis or waste water. A 

Moroccan study in 2014 (25) demonstrated that high reported 

contamination levels could be explained by the proximity of production 

sites to the Moulouya wadi, which drains all the contaminants from 

farming activities throughout the catchment area (poultry farming, beef 

and sheep farming, etc.), as well as urban waste from inland towns. This 

could be caused by a malfunctioning waste water treatment plant or 

sewer system, or by the disposal of inadequately treated water (26). 

E. coli contamination was linked to tourist activity during the summer 

season. A study conducted on a network of coastal lagoons at Ria 

Formosa (a protected site in Portugal) found high levels of shellfish 

contamination by E. coli following a rise in the tourist population (27). 
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Levels of shellfish contamination by salmonella coincide with a high 

level of E. coli contamination during two periods of the year (from 

March to May and from September to November), accounting for 47% 

of such contamination cases (Fig. 1). In 1997, Monfort et al. (28) 

reported a highly significant link (p < 0.001) between the frequency of 

salmonella isolation and high levels of E. coli faecal contamination test 

bacteria. 

Contamination by noroviruses 

Low levels of clam contamination by noroviruses in the present study 

(19%) could be due to the difficulty of detecting these RNA viruses, 

and the fact that the effectiveness of the RT-PCR method depends on 

two factors: the effectiveness of nucleic acid extraction and its purity 

(29). A Tunisian study conducted using the real-time RT-PCR method 

on bivalve molluscs in the Bizerte lagoon (northern Tunisia) found 

higher levels of norovirus contamination in shellfish of around 45% 

(30). 

Two norovirus genogroups (GI and GII) were detected in bivalve 

molluscs. A Tunisian study established a correlation between norovirus 

strains found in both waste water and shellfish and those found in the 

stools of patients (31). This study suggests a link between water 

contamination and infantile diarrhoea (31). The two main genogroups 

affecting humans are GI and GII (32). 

The predominance of GI (78%) over GII (21.8%) in the present study 

is in line with the results of a study carried out in the Galician estuaries 

(north-western Spain) to detect norovirus GI and GII in clams. This 

study showed that genogroup GI was the most widespread (32.1%), 

followed by genogroup GII (25.6%) (33). In 2012, Flannery et al. (34) 

reported a high concentration of norovirus genogroup GI in waste 

water. This is consistent with a rise in cases of norovirus genogroup GI 

infection in the population during this period. However, contrary to the 

results in the present study, in 2010 Siebenga et al. (35) reported that, 

for several years, the norovirus strains detected belonged mainly to 

genogroup GII, which represents 70% to 80% of the strains identified 

in clinical cases (35). 
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The results of this study of seasonal variations in norovirus confirm 

those of Flannery et al. in 2012 (34). The latter study showed that 

noroviruses were present in waste water throughout the year, with a 

significant increase between the months of January and March (34). The 

study by Green et al. in 2001 also corroborates these results (36). They 

reported seasonal variations in infection, with a high frequency in 

winter and occasional epidemic spikes in spring and summer. 

According to the French Directorate General for Food (DGAL) in 2013 

(37), cross-contamination of samples by noroviruses and E. coli (the 

official indicator of microbial faecal contamination) and/or Salmonella 

spp. does not always correlate with the presence of the virus in the 

environment. In fact, the shellfish found in the environment or in a 

disposal zone (on the foreshore – a sensitive zone because it is nearer 

waste water outlets) can concentrate the viruses disposed of in the water 

in less than an hour and the contamination can remain in the shellfish 

for eight to ten weeks. 

Contamination by the hepatitis A virus 

The low levels of HAV contamination in clams (3%) in this study could 

be due to the presence of inhibitory substances extracted and 

concentrated in the same way as the RNA viruses. This inhibitory effect 

is greater the smaller the number of copies of the viral genome in the 

sample (38). The presence of enzymatic reaction inhibitors can mask 

the presence of the virus, as reported by Gantzer et al. in 1998 (39). 

The theory of seasonal HAV contamination in bivalve molluscs was 

confirmed by Schwab et al. in 1998 (40). They reported that 

bioaccumulation of the virus in shellfish varies according to the 

shellfish species and their physiological activity, and that the latter 

depends on the season and seawater temperature. 
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Correlations between contamination by bacteria and 

viruses and biotic and abiotic factors 

Correlations between levels of clam contamination by the 

different enteropathogenic microbes 

The study results concerning the correlation between contamination by 

E. coli and Salmonella spp. are similar to those reported by Monfort 

et al. in 1997 (28). The latter reported a highly significant link 

(p < 0.001) between the frequency of salmonella isolation and an 

abundance of E. coli faecal contamination test bacteria. In 2011, Amri 

et al. (41) also reported a correlation between contamination of clams 

by E. coli and by Salmonella spp. 

This study found no correlation between the presence of E. coli and the 

presence of noroviruses or HAV. These results agree with those of Amri 

et al. in 2011 (41), who found that shellfish samples contaminated by 

HAV (31.48%) were negative for Salmonella spp. and for E. coli. 

The use of coliforms as virological water quality indicators has been 

widely criticised and several studies have shown that there is no 

quantitative link between the concentration of coliforms and that of 

enteroviruses (42). 

The Pearson test shows a significant link between contamination by 

noroviruses and the presence of HAV. The results of this study 

corroborate those of Croci et al. in 2007 (43), who reported 

contamination of marine molluscs and crustaceans by enteric viruses, 

HAV and noroviruses. 

Seasonal variations 

Student’s t-test was used to study variations in the levels of 

contamination of clams by E. coli, Salmonella spp., noroviruses and 

HAV during four periods, determined according to variation in 

temperature, the bird migration period and tourist activity. The study of 

seasonal variations in clam contamination levels revealed that 

temperature, the presence of migratory birds and tourism are major 

factors in seawater and shellfish contamination by bacteria and viruses. 
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A uniform microbial load was found during periods 1 and 2. This could 

be because the factors conducive to contamination were the same in 

both periods. 

The bacterial load for E. coli in clams was greater during period 3. This 

period covers the tourist season, with increased activity at the seaside 

and higher enterobacteria levels. 

The high bacterial load (for both E. coli and Salmonella spp.) during 

period 4 could be attributed to two main factors: the presence of 

migratory birds (pink flamingos) at the seaside during this period of the 

year, as they carry pathogenic agents; and variation in temperature. In 

2014, Ryu et al. (44) demonstrated that migratory birds are important 

reservoirs and carriers of pathogenic species, in particular 

enterobacteria. In 1995, Hubálek et al. (45) reported that the highest 

prevalence of Salmonella spp. in migratory birds was found during the 

breeding season and during overwintering of certain urban species, 

especially those that feed on waste. Temperature is one of the 

parameters used in models to explain the proliferation of bacteria (46). 

An experimental study on the development of this abundance of 

E. coli and other pathogenic bacteria of public-health interest, such as 

Salmonella enterica serotype Typhimurium and Aeromonas hydrophila 

in waste water and treated water, showed that temperature is one of the 

factors affecting variations in bacterial proliferation in aquatic 

environments (47). In 1972, McFeters and Stuart (48) noted an inverse 

relationship between the abundance of E. coli and a rise in temperature, 

especially between 5°C and 30°C. E. coli survive longer in seawater the 

lower the temperature (49). 

The contamination level, which corresponded to the faecal 

contamination indicator (E. coli), was significantly higher during 

period 4 than during period 2 (Table III). This supports the theory that 

temperature affects E. coli contamination levels. 

The high level of contamination by Salmonella spp. and E. coli 

observed during period 3 could be attributed both to high average 

temperatures during this period, conducive to the proliferation of these 

two species, and to significant tourist activity (Table III). 
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As for the viral load, this study found a significant difference in the 

average rate of positive samples between the four periods of the year. 

Tunisia enjoys long hours of sunshine throughout the year. Several 

studies have demonstrated the influence of solar radiation on virus 

survival rates. Viral inactivation occurs following a photochemical 

reaction, resulting in alteration of the nucleic acid or other non-nucleic 

receptors in viruses under the effects of ultraviolet (UV) radiation and 

light in the visible spectrum (50). 

Conclusion 

The study of correlations between contamination by different pathogens 

in clam production areas in the region of Sfax highlighted three highly 

significant types of correlation: between contamination by E. coli and 

by Salmonella spp. (p < 0.001); between contamination by noroviruses 

and by HAV (p = 0.031); and between contamination by noroviruses 

and by Salmonella spp. (p < 0.001). 

A statistical analysis of the different data and correlations between clam 

contamination by E. coli, Salmonella spp., HAV and noroviruses on the 

one hand, and biotic and abiotic factors on the other, confirmed a direct 

link between the level of contamination in live bivalve molluscs and 

environmental and seasonal factors in particular. 
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Table I 

Levels of contamination by Escherichia coli, Salmonella spp., 

noroviruses and hepatitis A virus in clams collected from different 

production sites in the region of Sfax (Tunisia) 

Pathogen concerned 
Percentage of contaminated 

samples 

Escherichia coli (> 230 CFU/100 g FIL) 36% (194/539) 

Salmonella spp. (present) 11% (59/539) 

Norovirus (presence of viral RNA) 19% (48/252) 

HAV (presence of viral RNA) 3% (8/252) 

CFU: colony forming unit 

FIL: flesh and intervalvular liquid 

HAV: hepatitis A virus 

RNA: ribonucleic acid 
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Table II 

Pearson test study of correlation between contamination of bivalve molluscs by Escherichia coli, Salmonella spp., noroviruses and 

hepatitis A virus 

HAV: hepatitis A virus 

  

 Salmonella spp. Escherichia coli Norovirus HAV 

 E. coli Norovirus HAV Salmonella 

spp. 

Norovirus HAV E. coli Salmonella 

spp. 

HAV E. coli Salmonella 

spp. 

Norovirus 

p-value <0.001 <0.001 0.401 <0.001 0.481 0.245 0.481 <0.001 0.031 0.245 0.401 0.031 

Correlation 

factor 

0.216 0.269 -0.053 0.216 -0.045 -0.074 -0.045 0.269 0.135 -0.074 -0.053 0.135 
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Table III 

Microbial contamination of clams in Tunisia: variations in levels of contamination by Escherichia coli, Salmonella spp., 

noroviruses and hepatitis A virus depending on variations in temperature, represented by four periods of the year (calculated 

using Student’s t-test) 

 Period 1 Period 2 Period 3 

Period E. coli Salmonella 

spp. 

Norovirus HAV E. coli Salmonella 

spp. 

Norovirus HAV E. coli Salmonella 

spp. 

Norovirus HAV 

1 – – – – – – – – – – – – 

2 0.098 0.0383 0.822 0.495 – – – – – – – – 

3 0.002* 0.374 0.561 0.519 0.096 – – – – – – – 

4 0.004* 0.012* 0.454 0.286 0.030* 0.184 0.261 0.178 0.018* 0.009* 1.000 0.062 

Period 1: January, February, March 
Period 2: April, May 
Period 3: June, July, August 
Period 4: September, October, November, December 
HAV: hepatitis A virus 
*: presence of a significant difference 
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Fig. 1 

Study of the seasonal trend in clam contamination by Escherichia 

coli, Salmonella spp., noroviruses and hepatitis A virus 

HAV: hepatitis A virus 
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