Helicobacter pylori: survival in cultivable and non-cultivable form in artificially contaminated Mytilus galloprovincialis 
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Abstract
Several studies report the presence of Helicobacter pylori (H. pylori) in seawater either free or attached to planktonic organism. Considering the role played by plankton in the food chain of most aquatic ecosystems and the possible role that seafood products can assume in the transmission of H. pylori to humans, the aim of this study was to assess the survival of H. pylori in artificially contaminated Mytilus galloprovincialis (M. galloprovincialis) using the traditional culture method and a RT-PCR assay for the detection of mRNA of known virulence factor (VacA) as marker of viability.
 The results obtained clearly show that H. pylori is able to survive in artificially contaminated mussels for 6 days (2 days in a cultivable form and 4 days in a non-cultivable form). 
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1. Introduction
Helicobacter pylori (H. pylori) is an organism that is widespread in the human population and is sometimes responsible for some of the most common chronic clinical disorders of the upper gastrointestinal tract in humans (Kao et al., 2016). The routes of infection have not yet been firmly established, and different routes of transmission have been suggested, although the most commonly accepted hypothesis is that infection takes place through the faecal-oral route and that contaminated water and foods might play an important role in transmission of the microorganism to humans (Poms and Tatini, 2001). Several studies report the presence and survival of H. pylori in foods and water, especially in milk and in ready-to-eat products (Jiang and Doyle, 2002; Mousavi et al., 2014; Poms and Tatini, 2001; Quaglia et al., 2007; Quaglia et al., 2008; Quaglia and Dambrosio, 2018; Rahimi and Kheirabadi, 2012; Talaei et al., 2015).
Although many of the findings reported in the literature are based on indirect evidence of H. pylori in foodstuffs and water through the detection of DNA with molecular methods, and there are only in a few cases on the bacteriological isolation of this pathogen, the possibility that food and water can be routes of transmission, among others cannot be ruled out (Quaglia and Dambrosio, 2018).
Important findings have emerged from the studies on the Italian side of the Adriatic Sea, which lies between Italy and the Balkan Peninsula.  The study by Cellini et al. (2004) suggests that an important reservoir for the microorganism is seawater where H. pylori occurs both in free-living form and in association with plankton.  
The authors conclude by underlining the importance of the results and the possibility that seawater is a significant source of infections for humans.
Out of 12 samples, 7 were positive to H. pylori either free or bound to planktonic organism. 
The results showed that during the summer months, when the coastal waters usually had higher bacterial pollution, H. pylori was present more in free-living form. In November, December and March it tended to be associated with plankton, especially with Copepodi and Cladocerani.
This association, already highlighted in the past for other microorganisms (Maugeri et al., 2004), represents a sort of protective niche that allows H. pylori to survive. Moreover, these results are particularly important in light of the role of plankton in the food chain of most aquatic ecosystems and thus the possible role that seafood can take in the spread of H. pylori to humans (Cellini et al., 2004; Cellini et al., 2005).
These results were confirmed by a similar study on seawater of the Strait of Messina where the DNA of H. pylori was detected in 15 of the 36 of the analysed seawater samples, in free-living form or bound to planktonic organisms (Carbone et al., 2005).
The presence of H. pylori DNA in seawater was confirmed in two non-Italian studies (Holman et al., 2014; Twing et al., 2011). 
Moreover, the effective contamination of some seafood products make stronger the hypothesis of seafood playing an important role in the transmission of H. pylori to humans (Fernandez et al., 2007; Pina-Pérez et al., 2018). 
One of the main problem in these studies was the unsuccessful attempts to culture H. pylori, probably related to its fastidious nature, to the growth of dominant contaminating organisms, and to the not sufficiently nutritive and selective culture media employed for the isolation of the pathogen (Carbone et al., 2005; Moreno et al., 2003; Quaglia and Dambrosio, 2018). 
Furthermore, H. pylori is able to overcome environmental stressed conditions by entering the viable but nonculturable state (VBNC), in which the pathogen modifies its morphology from a spiral to coccoid form with a loss of cultivability (Andersen and Rasmussen 2009; Cellini et al., 1998; Cellini et al., 2014). Therefore, detection of VBNC of H. pylori in food and water has required innovative techniques and a re-evaluation of the definition of "viability" in bacteria, due to the inability of routine assays to detect such cells. Use of PCR in the identification of pathogens is routine and has been employed to detect H. pylori in foodstuff and water (Quaglia and Dambrosio, 2018). However, detection of H. pylori DNA alone does not allow us to state that viable cells are present, as DNA could have originated from dead cells and it can persist in the environment for long time (Dupray et al., 1997).
In a study by Nilsson et al. (2002), it was developed an RT-PCR for the detection of H. pylori in VBNC state that targeted gene mRNAs of known virulence factors (vacA and ureA). This method was based on the unstable nature of bacterial mRNAs to infer viability when cultivability is below the limit of detection (Lahtinen, et al., 2008). 
The half-life of the Escherichia coli (E. coli) mRNA is about 3-8 min and for Vibrio vulnificus (V. vulnificus) in VBNC state is less than 60 min (Sheridan et al., 1998; Smith and Oliver, 2006).
Therefore, mRNA detection can be an excellent indicator of viability of the microorganism when H. pylori occurs in the VBNC state. Furthermore, the detection of transcript from vacA gene may infer that the microorganism, despite being in VBNC state, has maintained virulence activity (Buck and Oliver, 2010).
The aim of this study was to evaluate the survival of H. pylori in artificially contaminated Mytilus galloprovincialis (M. galloprovincialis). For the purpose we have employed a culture method already tested for the isolation of H. pylori from foodstuff (Poms and Tatini, 2001; Quaglia et al., 2007), and a RT-PCR assay for mRNA detection containing the vacA gene sequence that allowed to detect viable cells of H. pylori even if it is no longer cultivable.

2. Materials and Methods
For the study, 10 l of surface seawater were collected from the north coast of Bari (Italy) and sterilized at 121°C for 15 minutes. The sterile seawater was cooled to 16°C for 24h.
A total of 100 live mussels (M. galloprovincialis) from the same batch were acquired from a local fish shop.

2.1 H. pylori strains
One human H. pylori strain (H. pylori 5M) isolated from gastric biopsy, kindly provided by IRCSS “Saverio de Bellis” in Castellana Grotte (Bari, Italy), and H. pylori ATCC® 43504™ were used to artificially contaminate, separately, the sterile seawater.
Each H. pylori strain was cultured on Brucella Agar (Oxoid, Milano, Italy) supplemented with 7% of whole defibrinated horse blood (Liofilchem, Italy) and incubated for 5-7 days at 37°C under microaerophilic conditions (Anaerocult C mini, Merk, Darmstad, Germania). Gram stain, oxidase, catalase, urease tests were performed to confirm the identification of the isolates (Dunn et al., 1997).
2.2 Inoculation procedure and contamination of M. galloprovincialis
After 7-days incubation at 37°C under microaerophilic conditions, each whole culture was harvested and separately suspended in two samples of 100 ml of sterile seawater. The suspensions of H. pylori strains were compared with the turbidity standard McFarland 2.0 Barium Sulphate (Liofilchem) in order to obtain approximately the homogeneous suspension of 600 x 106 cfu ml-1. Each suspensions was added to 900 ml of sterile seawater separately. Immediately after the contamination, two groups of 20 M. galloprovincialis respectively, were put in the contaminated seawater at 16°C (named G1 contaminated with H. pylori 5M and G2 contaminated with H. pylori ATCC® 43504™). The mussels were chosen among the 100 acquired according to the characteristics associated with freshness and viability (closed valves, adequate response to percussion, and resumption of filter-feeding activity after immersion in contaminated seawater). After 3h of filtration, the G1 and G2 were removed from seawater and placed at 6°C until the end of the study (Intesa Stato Regione, 2010).

2.3 Enumeration of H. pylori in contaminated seawater samples and negative control
In order to determine the H. pylori load of each sample of contaminated seawater, immediately after contamination, 10 ml of each contaminated seawater were taken and decimally diluted in sterile saline solution (0.85% NaCl). 0.1 ml of each dilution was plated onto Wilkins–Chalgren Anaerobe Agar (Oxoid) supplemented with 5% of whole defibrinated horse blood (Liofilchem) and 30 mg/l colistin methanesulfonate, 100 mg/l cycloheximide, 30 mg/l nalidixic acid, 30 mg/l trimethoprim and 10 mg/l vancomycin (Sigma-Aldrich, Italy), and incubated at 37°C under microaerophilic conditions (Anaerocult C mini, Merk) for 7 days. 
Isolation of H. pylori and RT-PCR assay were performed on hepatopancreas and intravalvular liquid of two live mussels (about 5g) before contamination, to rule out the presence of H. pylori in the mussels used for the trial (negative control). After being homogenized with a sterile RNA free pestle, decimal dilutions up to 10-4 were made in sterile saline solution (0.85% NaCl); 0.1 ml of each dilution was plated onto Wilkins-Chalgren Anaerobe Agar (Oxoid) supplemented as described above. 40 mg were taken from the homogenate and subjected to RT-PCR as described in subsection 2.5. 

2.4 Evaluation of H. pylori survival 
After 3h of filtration in contaminated seawater, the hepatopancreas and the intravalvular liquid of about two live mussels (5g) for each group were analysed in order to evaluate the H. pylori load of G1 and G2 at T0. 
The hepatopancreas and the intravalvular liquid, placed in two sterile RNA-free eppendorf, were homogenized with a sterile RNA-free pestle and decimally diluted in sterile saline solution (0.85% NaCl); 0.1 ml of each dilution was plated onto Wilkins–Chalgren Anaerobe Agar (Oxoid)  supplemented as described in subsection 2.3. 40 mg of the homogenate were taken and submitted to the RNA extraction as described in subsection 2.5.
For 9 days and every 24 hours (T1 to T9), two live M. galloprovincialis for each group, G1 and G2, were subjected to analysis as described above.

2.5 Determination of viability and virulence of H. pylori strains by Reverse Transcriptase –PCR 
At each time point, bacterial RNA was extracted with Total RNA Extraction Kit (RBCBioscience) slightly modifying the supplier’s instructions. Briefly, 40 mg of hepatopancreas and intravalvular liquid previously homogenized with a sterile RNA-free pestle were added to 350 μl of RB Buffer and β-mercaptoethanol.
RT-PCR was performed using the One-step PrimeScript RT-PCR Kit (Takara Bio Inc. Europe, Francia) to detect the presence of mRNA containing the vacA gene sequence. For this purpose, a primers pair vacA1: 5´-ATGGAAATACAACAAACACA-3´ and vacA2: 5´ -CTCCAGAACCCACACGATT- 3´ (Tib Molbiol S.r.l., Genoa, Italy), were used to amplify a product of 658 bp (Buck and Oliver, 2010). 
Samples (2 µl) of each extract were amplified in 18µl of reaction mixture containing 10 µl of 2x One step RT -PCR Buffer III, 0.4 µl of Takara exTaq HS, 0.4 µl of Primescript RT enzime, 0.4 µl of each primer and 6.4µl RNA free water. The cycling profile for RT-PCR included a reverse-transcription step of 42°C for 15 min followed by an initial denaturation step of 95°C for 15 min; followed by 35 cycles of 94°C denaturation temperature (30 s), 48°C annealing temperature (30 s) and 72°C extension temperature (1 min); and a final extension of 72°C for 10 min.
RT-PCR products were visualized on a 1% agarose (Oxoid, United Kingdom) with 5 μl of Gel Red Nucleic Acid Stain (Biotium, USA). 

2.5.1 Sensitivity of the RT-PCR 
In order to evaluate the sensitivity of the technique, the RT-PCR was performed on 10-fold dilutions (up to 10-10) of the hepatopancreas and intravalvular liquid of 2 mussels artificially contaminated as described in subsection 2.2, with the H. pylori ATCC® 43504™ strain. RNA was immediately extracted from each dilution, and RT-PCR was performed on each extract. At the same time 0.1 ml of each dilution was plated onto Wilkins–Chalgren Anaerobe Agar (Oxoid) supplemented as described in subsection 2.3 in order to evaluate the H. pylori load in artificially contaminated mussels.

2.5.2 Specificity of the RT-PCR
To evaluate the specificity of the technique, the RT-PCR was performed on the uncontaminated M. galloprovincialis and on the bacterial strains E. coli (ATCC® 25922™), Listeria monocytogenes (L. monocytogenes) (ATCC® 15313™), and Staphylococcus aureus (S. aureus) (ATCC® 13565™) cultured in tryptone soya agar (Oxoid) for 24 h at 37°C under aerobic conditions; V. parahaemolyticus (ATCC® 17802™) cultured in tryptone soya agar with 1.5% of NaCl; Campylobacter jejuni subsp. jejuni (C. jejuni) (ATCC® 29428™) cultured in Columbia sheep blood agar (bioMerieux, Rome, Italy) for 48 h at 42°C under microaerophilic conditions (CampyGen, Oxoid). The bacterial cells were harvested from each plate, suspended in 2 ml of sterile distilled water separately, and subjected to RT-PCR protocol. Bacterial RNA was extracted with Total RNA Extraction Kit (RBCBioscience) according to the supplier’s instructions.

2.6 Statistical analysis
Data were analysed using Microsoft Excel software (Windows, 2010). The mean values were calculated. The one-way analysis of variance (ANOVA) with significance level set to p <0.05, was performed to detect significant differences among the two strains loads during the experimental study considering the enumeration limits between 0 and the maximum data obtained expressed in log cfu/g.

3. Results and discussion
Foodborne pathogens need to be able to survive in foodstuffs for a relatively long time to infect humans via food consumption (Quaglia et al., 2008).
In the present study, two groups of 20 live M. galloprovincialis (named G1 and G2 ) were experimentally contaminated with two strains of H. pylori (H. pylori  5M and H. pylori ATCC® 43504™), respectively.
Statistical analysis showed no significant differences between the two strains loads (p > 0.05), (P =0,936149367) related to time.
Bacteriological isolation and RT-PCR on uncontaminated mussel sample (control sample) were both negative.
Starting from a mean value of H. pylori load in the two samples of contaminated seawater of 1.2 x 107 cfu/ml, after 3 hours of filtration at 16°C the two samples of mussels G1 and G2 showed a mean value of H. pylori load of 7.8 x104 cfu/g (T0). 
The temperature of the contaminated seawater, in which the two groups of mussels were immersed, was set at 16°C to mimic the average natural conditions in which the molluscs live in spring / early summer. In fact, the Adriatic Sea has average temperatures of 11°C in winter, up to 23°C and more in summer (Carbone et al., 2005). The live mussels employed in this study resumed the filter- feeding activity immediately after immersion in contaminated seawater at 16°C. 
The mussels are able, through the filter-feeding activity, to filter large amount of seawater, accumulating toxic substances and microorganisms inside the digestive system, especially inside the hepatopancreas (Rìpabelli et al., 1999).
Moreover, it has been estimated that M. galloprovincialis is able to filter about 6 l / h based on seawater temperature (Cole et al., 1992).
Therefore, after 3 hours of filter- feeding activity in contaminated seawater at 16°C, we have collected the two groups G1 and G2, and stored them at 6°C until the end of the study, in compliance to the storage temperature as provided for by legislation during the sale to the consumer (Intesa Stato Regione, 2010). All the M. galloprovincialis belonging to the two groups G1 and G2 were live until the end of the study.
The average value of H. pylori load at T0 was 3 logarithms lower (7.8 x104 cfu/g) than the average value of H. pylori load in contaminated seawater (1.2 x 107 cfu/ml).
This finding probably depends on the number of mussels employed for the study (20 live mussels) and the amount of contaminated seawater (1 l) which has most likely led to a homogeneous distribution of the H. pylori within each mussel.
After 24h at 6°C (T1) no change was registered in the mean load of H. pylori contaminating the mussels (2.1x104 cfu/g). On day two, after 48h at 6°C, a two-log reduction of the mean H. pylori load was observed (7x102 ufc/g). From the third day (T3) up to the 9th day (T9) H. pylori was not detectable from the hepatopancreas and the intravalvular liquid of the contaminated mussels.
 However, contaminated mussel of the G1 and G2 groups, from day one to day 6 (T1 to T6), were positive to RT-PCR for mRNA containing the vacA gene sequence. At T7 mRNA of H. pylori was not detectable in both G1 and G2. 
These findings suggest that H. pylori is able to survive in the artificially contaminated mussels two days in a cultivable form, and 4 days in a non-cultivable form retaining the virulence factor as indicated by continued expression of the vacA mRNA transcript. The occurrence of the vacA mRNA transcript for a further 4 days even if H. pylori was no longer cultivable, could be due to the presence of the pathogen in VBNC state because of the natural bacterial microbiota of the mussels. In fact marine bivalves carry a natural population of bacteria dominated by species of Vibrio, Pseudomonas, and other gram-negative bacteria colonizing the gut, body surfaces, haemolymph, or tissues (Martinez et al., 2009) that could create an adverse environmental condition for the survival of H. pylori.
VBNC is a state of resistance to exposure to environmental stresses such as desiccation, lack of protection against oxygen, exposure to antimicrobial agents (Bode et al., 1993; Cellini et al., 2014) and insufficient supply of nutrients (Pinto et al., 2015). This is a skill shared by many other foodborne pathogens such as V. cholerae, V. vulnificus, E. coli, L. monocytogenes, C. jejuni, Salmonella and Shigella spp. (Oliver, 2005). 
Bacteria in the VBNC state maintain their metabolic activity, pathogenicity and ability to return to active regrowth conditions but they are not detectable by means of conventional microbiological technique (Lleò et al., 2001; Senoh et al., 2012). For H. pylori, the ability to return to active regrowth conditions has not yet been proven (Cellini et al., 2014). Nevertheless, the aptitude of H. pylori to overcome stressed conditions is very significant for public health as it allows it to survive for long periods in the external environment even under unfavourable conditions. However, the role of VBNC in the transmission of H. pylori, especially by food and water, is still controversial (Quaglia and Dambrosio, 2018). 
Several studies have shown that bacteria in VBNC state retain viability and the potential for infection, as indicated by the continuous mRNA production (Federighi et al., 1998; Lleò et al., 2000; Saux et al., 2002; Yaron, and Matthews, 2002). 
In fact, unlike DNA, mRNA is consider an excellent indicator of recent metabolic activity (and thus of viability) due to its short half-life and its role in bacterial cell physiology (Sheridan et al., 1998). Such turnover is typical of bacteria, with half-lives of most mRNA species being only a few minutes (Conway and Schoolnik, 1998; Sheridan et al., 1998).
The role of mRNA as a marker of viability was assessed in VBNC populations of V. vulnificus and V. parahaemolyticus by performing RT-PCR assay before and after a lethal treatment (10 minutes at 100°C). In both studies, no mRNA was detected subsequent to lethal treatment, indicating that positive RT-PCR amplification is associated with the presence of live cells (Albertson et al., 1990; Saux et al., 2002). 
The RT-PCR assay employed in this study has proven to be rapid, specific and sensitive. The specificity of the method has been assessed on bacterial strains of foodborne pathogens commonly found in mussels (Martinez et al., 2009). The primer set here employed did not amplify other genetic material from the uncontaminated mussels nor from the bacterial strains. The sensitivity of the RT-PCR technique registered in this study was of 1 cfu/g (Fig. 1) starting from a H. pylori load of 5 x 104 cfu/g.
The RT-PCR employed in this study was very sensitive and this result showed that a part of the bacterial population of H. pylori contaminating the mussels, were viable despite its lack of cultivability. Finally, the results showed that the expression of vacA gene continued in these non-cultivable forms.  
Therefore, this molecular biology method could be applied directly to food samples to give an indication of the viability of H. pylori for which transmission through food has not yet been proven mainly due to the difficulties in isolation from samples with natural bacterial microbiota. Detection of mRNA might therefore be a good indicator of living bacterial cells in food or those recently dead at the time of sampling taking into account its short half-life of only a few minutes (Sheridan et al., 1998).
Mussels is a highly valuated natural food product that is usually consumed raw or minimally processed especially in Southern Italy. 
Therefore, the ability of H. pylori to survive for 2 days in cultivable form and 4 days in non-cultivable form in live mussels is a result that can have important implications for food safety.
In fact, although in our study the bacterial load present in mussels stored at 6 °C was seen to progressively decrease until it was no longer cultivable in the third day, and the H. pylori load contaminating mussels under natural conditions is unknown (though it is presumably lower than the load used for our experimental contamination), the infectious dose for humans remains uncertain. According to some investigators the infectious dose for humans is low, thus even a small number of H. pylori cells surviving in food may represent a potential health hazard for consumers (Kusters et al., 2006; Mitchell and Katelaris, 2016; Quaglia et al., 2007).
According to the findings of Poms and co-workers (Poms and Tatini, 2001), Wilkins–Chalgren Anaerobe Agar supplemented as described above, proved to be highly selective for the isolation of H. pylori from food with a high loads of background flora as mussels.
[bookmark: _GoBack] Many authors have successfully used Wilkins-Chalgren anaerobe-agar for the isolation of H. pylori in foods, supplemented as described above (Atapoor et al., 2014; Buck and Oliver, 2010; Guner et al., 2011; Mousavi et al., 2014; Quaglia et al., 2007; Yahaghi et al., 2014). Whereas in other studies, the attempts to culture H. pylori from the majority of PCR-positive samples may have been unsuccessful for the use of culture media not sufficiently nutritive and selective for the microorganism.
However, the results of this study support that Wilkins-Chalgren anaerobe-agar supplemented as described above lacked sufficient sensitivity to detect very low numbers of the bacterium (Poms and Tatini, 2001). 
Probably the lack of isolation on the third day of the study could be due to the decrease of the H. pylori load in cultivable form, below the sensitivity limit of the method. 
 
4. Conclusions
This study on the survival of H. pylori in artificially contaminated M. galloprovincialis was aimed at verifying the possible correlation between the presence of H. pylori in seawater in free-living form and plankton associated, and the role of contaminated mussels in transmission of H. pylori to humans.
In fact, the knowledge of the survival characteristics of H. pylori in this microbiologically complex food may be more important than the concern about growth of the organism in foods when determining the potential foodborne transmission of the pathogen.
Further studies are essential in order to verify the survival and the occurrence of viable H. pylori cells in seafood products. 
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Figure 1: Results of sensitivity of the RT-PCR assay for the detection of H. pylori from M. galloprovincialis. L, DNA ladder (100 bp); C+, control: H. pylori ATCC® 43504™; M, artifiacially contaminated M. galloprovincialis (5 x 104 cfu/g); 1 through 10, 10-fold dilutions (until 10-10) of artificially contaminated M. galloprovincialis; B, distilled water.
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