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Abstract

:

Water in dental unit waterlines (DUWL) represents a risk for vulnerable patients if its microbiological quality is not controlled. The aim of this prospective study was to evaluate two systems for its management under real conditions: Hygowater® and IGN Calbenium®. Samples of the output water of DUWL were obtained for 5 previously contaminated units connected to Hygowater®, and 5 non-contaminated units connected to IGN Calbenium®, which was already effective for more than 1 year, as a control group. Samples were regularly collected up to 6 months after the implementation of Hygowater®, and were then cultured and analyzed. With IGN Calbenium®, except for a technical problem and a sample result in one unit at 6 months (Heterotrophic Plate Count (HPC) at 37 °C of 66 colony forming units (cfu)/mL), the results showed an absence of contamination. Hygowater® took a couple of weeks to be effective on initially contaminated DUWL (over 200 cfu/mL for all the units), then showed its efficacy for 2 months (HPC at 37 °C with a mean of 40.2 ufc/mL, and HPC at 22 °C with a mean of 0.2 ufc/mL). At 6 months, results were satisfactory for HPC at 22 °C (mean of 12 ufc/mL), but HPC at 37 °C gave non-satisfactory results for 4 of the 5 units (mean of 92.2 ufc/mL). Both systems have an effect on the microbiological quality of DUWL. IGN Calbenium® appears to be more reliable on a long-term basis.
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1. Introduction


Water is an essential adjuvant in dental procedures. Indeed, it allows to cool down dental burs and scalers as well as dental tissue, and to rinse dental debris. Water flows through the dental unit waterlines (DUWL) to be brought to the site of interest, and unfortunately, microbial contamination of DUWL, via biofilms, is precisely well-described [1,2,3,4]. It is favored by the narrowness of the water tubing and the associated laminar flow at its periphery [5,6], the intermittent use of dental units [7], and the constituent material of DUWL [8]. This contamination can come either from the water supply network [9], or as a result of a back-contamination of DUWL. Indeed, many dental procedures can involve the use of water in dentistry (tooth preparation, air flow for the removal of stains and subgingival deposits, etc. [10,11]) and impact its microbiological quality in DUWL, notably linked to the backflow of oral fluids when rotary instruments stop [12,13,14]. An insufficient control of the microbiological quality of water in DUWL can jeopardize the safety of patients and of the dental team, as water is aerosolized during dental procedures [7,15], and as patients can swallow it. It is particularly important for vulnerable patients [16], as contaminated water has already led to the death of an Italian and a Swedish patient [17,18] and caused various infections in others [19]. Since water is used in almost all dental care, this represents a public health issue.



Many products regularly arrive on the market to control the microbiological quality of the water in DUWL. Many of them were evaluated, such as Alpron®/Bilpron® with or without the association of BRS® [20,21,22,23,24], Sterispray© [1,4], BacTerminator© [4], Oxygenal 6© [1,22,23], Calbénium© [1,4], Dentosept [22,23], ICX© [23], or cetylpyridinium chloride [25]. Most of them are chemical treatments, used as continuous disinfection systems. In these studies, classically, the performances of the products are evaluated with the monitoring of the Heterotrophic Plate Count (HPC) at 22 and at 37 °C [4,20,22,24,25] and the search for specific pathogens such as Pseudomonas aeruginosa and the total amount of coliform bacteria [1,4,20]. Indeed, these targets are representative from both environmental and human origins, and their presence has frequently been reported in DUWL [1].



The aim of this prospective study was to evaluate the Hygowater® system (Figure 1), a physical treatment which had never been evaluated, compared with the IGN Calbenium® system, regarding their performances towards the management of the microbiological quality of water in DUWL. Regarding its operating mode, which is described in the Material and Methods Section, our hypothesis was that it would be quickly effective and ensure a safe microbiological quality of the water in DUWL. The IGN Calbenium® system is one of the most frequently distributed treatment systems by dental unit suppliers [1,6], has already been evaluated [1,4], and is therefore considered as a reference.




2. Material and Methods


2.1. Dental Units and Disinfection Systems


The study took place in the dental facility of the university hospital of Strasbourg, France, where patients are regularly treated by the students or the teachers. The two systems have been connected upstream from the DUWL and supplied with water of potable quality regarding the European Union’s standard [26]. This water, in a hospital environment, is permanently under microbiological monitoring to present a HPC at 22 °C below 100 colony forming units per milliliter (cfu/mL), a HPC at 37 °C below 10 cfu/mL, and an amount of coliform bacteria as well as Pseudomonas aeruginosa below 1 cfu/mL.



IGN Calbenium®: five units were connected to the IGN Calbenium® system. One in 2019 (Calbenium unit 2), more than one year before the beginning of this study, two in 2016 (Calbenium unit 1 and 5), four years before the beginning of this study, and two in 2015 (Calbenium unit 3 and 4), five years before the beginning of this study. Thus, these dental units represented a control group. The system includes an IGN device, which allows an automatic dilution of a concentrate disinfectant liquid called Calbenium® in the water supply network. It is therefore a chemical continuous disinfectant system. The precise dose of Calbenium® is then automatically injected in the water flow going onto the unit shelf. The level of Calbenium® is continuously monitored with an audio-visual detection system. The Calbenium® solution is composed of benzalkonium chloride, EDTA, allantoin, sodium tosylchloramide, aspartame, sorbitol, and spearmint flavor. Proportions of these products are not disclosed by the manufacturer.



Hygowater®: five units were connected to the Hygowater® system at the beginning of this study, on 1 October 2020. The system offers various filtration levels, ion-exchanges, and electrolysis processes that produce an output water, running through the DUWL, loaded with free chlorine. According to the manufacturer, the range of efficacy is between 0.2 and 1 mg/L of free chlorine. This system is therefore a physical continuous disinfectant system. The Hygowater® system demands a 5 min flushing at the beginning of the day so that the water, treated and loaded with chlorine upstream of the unit, can then take place in the DUWL.



All the involved dental units underwent the same daily maintenance, matching the professional guidelines [27,28] and formalized in a specific sheet of traceability, especially for the 5 min flushing at the beginning of the day, and for the 20–30 s flushing between each patient. The units were subjected to routine activity on patients, except those for which the results of the samples were not satisfactory, for obvious safety reasons. These units were, however, regularly flushed during the day. Every Monday morning, after two days of non-utilization, the “boost” mode of the Hygowater® system was activated on each unit connected with this system. It allowed a higher concentration of free chlorine to be generated for several min, and thus a shock-action. A regular flushing was then applied, during 5 min as usual at the beginning of the day.




2.2. Water Samples and Chlorine Follow-Up


Samples of the output water of the involved dental units were collected during the mid-day break, at different times, and after a 1 min flushing:




	
D0, just before the installation of the Hygowater® system. At this moment, the 5 dental units which were then connected to the Hygowater® system did not benefit from any treatment. The 5 other dental units had already been connected to the IGN Calbenium® system for 1 year (1 unit), 4 years (2 units), or 5 years (2 units).



	
D + 1, one day after the installation of the Hygowater® system.



	
D + 14, only for the 5 units with the Hygowater® system.



	
D + 1 month, D + 2 months, and D + 6 months for every dental unit.








Table 1 describes the water samples’ culture conditions as well as the standards used [26,29,30,31]. Microbiological quality levels were set according to European directives and hospital practice [26]. They are more stringent than the standards given by the American Dental Association (ADA) [32]: satisfactory results were viable aerobic microorganism count at 22 °C ≤ 100 cfu/mL, and at 37 °C ≤ 10 cfu/mL, and the absence of specific pathogenic germs: coliform bacteria and Pseudomonas aeruginosa. In addition, to have an overview of the bacterial species incriminated in the eventual contamination of DUWL, we analyzed the nature of the culturable heterotrophic bacteria found in the samples.



Every Friday, at the mid-day break, a dosage of the free chlorine in the output water of the 5 units connected to the Hygowater® system was undertaken, to ensure that the system worked correctly. The same operator proceeded each time with test strips for Hygowater® products, by Dürr Dental, that were dipped for 30 s in the output water and matched to a dosimetric color chart.



Concerning the samples and threshold values, the whole present methodology joins that of previous studies [4]. As the IGN Calbenium® system had precisely been evaluated in the same conditions, we have previously established that it was possible to maintain a microbiological quality of water in DUWL that is satisfactory over at least one year [4]. As such, and like in other studies, it has been used as a reference [1]. Results of the samples in units with the Hygowater® system were then compared to their own anteriority and to the results of the samples in units with the IGN Calbenium® system.




2.3. Statistical Analysis


For each time point, results of the samples in units with the Hygowater® system were compared to the results at D0 and to the results of the samples in units with the IGN Calbenium® system. Student’s t-tests were performed using BiostaTGV (INSERM, Paris, France, https://biostatgv.sentiweb.fr/). (accessed on 10 May 2021) p-values less than 0.05 were considered statistically significant.





3. Results


Samples of all the dental units connected to the Hygowater® system showed a high contamination before the connection to the system, at D0: HPC at 22 and at 37 °C, over 200 cfu/mL. One day after starting the Hygowater® system, results still showed a high level of contamination that slightly decreased over time until D + 2 months, except for one unit (Hygowater unit 4, HPC at 37 °C). At D + 1 month and D + 2 months, all the samples showed satisfactory results, except for this same unit (Hygowater unit 4) and only for the HPC at 37 °C. Although all the results were satisfactory for the HPC at 22 °C after 6 months, the previous conform results for the HPC at 37 °C did not persist for up to 6 months. Indeed, 4 of the 5 units showed non satisfactory results (Figure 2 and Figure 3), but the decrease in the contamination versus results at D0 still was significant. The bacterial species incriminated in the contamination of DUWL are presented in Table 2. For all the samples during the whole study, the amounts of coliform bacteria and Pseudomonas aeruginosa were below 1 cfu/mL. The concentrations of the free chlorine in the output water of the 5 units connected to the Hygowater® system were almost stable over the 6 months and varied between 0.4 and 1 mg/L depending on the unit and the week (Table 3). These values are proof of the correct functioning of the system, according to the recommendations of the manufacturer.



Regarding the results of the water samples from dental units connected to the IGN Calbenium® system, they all showed satisfactory results during the whole study, except for one unit (Calbenium unit 2) that showed an HPC at 37 °C of 66 cfu/mL at 6 months, and for the samples at D0 and D + 1 on one other unit (Calbenium unit 5) which presented a Calbenium® pump obstruction that was detected before D + 1 month. After this technical problem was solved, the results for the water samples of this specific unit (unit 5) were satisfactory (Figure 4 and Figure 5). For all the samples during the whole study, the amounts of coliform bacteria and Pseudomonas aeruginosa were below 1 cfu/mL.



At two time points, a technical problem prevented from proceeding the water sample each time on a single unit. This condition has been specified with the “no water” mention on the different figures.



Results and their statistical analysis are showed in Table 4.




4. Discussion


Contrary to other studies that were performed in vitro [1], the advantage of this study is that it took place under real dental care conditions. All of the units involved in this study were subjected to the same routine activity. Moreover, as its methodology joins that of a previous study, under the same conditions and with the same maintenance protocol [4], results are comparable. Still, the study presents some limitations: there are only five units involved with the Hygowater® system and five with the Calbenium® system, their use in real conditions represents an interesting perspective but prevents from standardized results, and finally, despite the sheet of traceability, there is no certainty that each purge lasted the recommended time. A larger number of units involved might have been interesting to get a more precise statistical analysis.



In the present study, the Hygowater® system was connected to initially contaminated units, which can explain the time needed to reach satisfactory results. Indeed, active agents in water that are produced by the system had to strive with a well-implemented biofilm, whereas units equipped with the Calbenium® system benefitted from the treatment for a long time: 1 to 5 years. In a previous study, however, units with contaminated water (HPC over 200 cfu/mL at 22 and 37 °C) were connected to the Calbenium® system and showed satisfactory results after only one day of activity [4]. The Calbenium® system is known to be an effective treatment against preformed biofilms [1] and to prevent biofilm development when used as a continuous treatment [1,4]. Our study proved this efficacy up to 5 years, except for one unit 6 months after the beginning of the study (unit 2: HPC at 37 °C of 66 cfu/mL), and sporadic technical problems. In comparison, the Hygowater® system struggled to provide satisfaction up to 6 months, with results which are certainly less bad than the initial condition of the units, but do not meet the conformity criteria. Nevertheless, these results are significantly better than those for the samples at D0, and their difference with the level of contamination of units connected to the Calbenium® system is not significant (Table 4).



Another hypothesis for the time needed for the Hygowater® system to produce satisfactory results is the need for 5 min of flushing every morning. Indeed, this appears to be quite a constraint, while there is little scientific support about the real efficacy of this practice [1,33], leading the Organization for Safety Asepsis and Prevention (OSAP) to recommend a 30 s flushing at the beginning of the day [33]. It is understood that the goal is not the same, since the purpose of this 5 min flushing for the Hygowater® system is for water treated and loaded with chlorine to take place in the DUWL. Despite the presence of a specific sheet of traceability to follow the realization of regular flushing, which had been completed daily, there is no certainty that each purge lasted the recommended time. This is even more relevant as users were different each day because of university conditions, and as we know, the rigorous realization of flushing can be operator-dependent [6]. However, this statement is also true for the units connected to the Calbenium® system. It seems that such systems which require a specific attention, like the Hygowater® system, could then be more designed for a private activity with a dedicated dental staff than for large dental facilities with shared staff.



After a couple of weeks, and except for one unit that needed more than 2 months, the Hygowater® system provided satisfactory results until D + 2 months, with significantly better results than at D0, and a non-significant difference with the results of units connected to the Calbenium® system. Considering our results, it is not possible to assert that these results lasted until the 6th month or before. However, we can deduce that the biofilm had not been entirely neutralized, and that the efficacy of the system remains fragile. This assumption can be reinforced by the fact that the same species of bacteria are often found (Table 2), suggesting that they come from the same kind of biofilm but are expressed differently at the different time points. When compared to other studies about other water treatment systems, these results are quite equivalent, even if the methodology is not exactly comparable. The Alpron® system showed compliant results (HPC at 22 °C < 100 cfu/mL) for 13 weeks in 4 of the 6 units involved in Smith’s study in 2002 [24], in 80.9% of 52 dental units after one month using the Alpron® system in Chate’s study in 2010 [21], and for 98.2% of control samples that were at target level (HPC at 22 °C ≤ 100 cfu/mL, and HPC at 36 °C ≤ 10 cfu/mL) over a six-year period in the 68 units involved in Baudet’s study in 2020 [20] while associated with Bilpron®, using sterile water in independent tanks and with a biofilm pre-treatment using BRS®, which is a pre-cleaner with enzymatic agents. In a 2020 study evaluating cetylpyrimidium chloride 0.05% as a bacterial decontaminant of DUWL [25], results also showed a persistent water contamination after 7 days of treatment with a mean of 307 cfu/mL. Finally, Schel et al. led a study across the European Union in 2006 [22], in which compliant results with a threshold at HPC < 200 cfu/mL were found in 91% of 11 dental units treated with Dentosept©, 87% of 37 dental units treated with Alpron®, and 91% of 15 dental units treated with Oxygenal 6©. It should be noted that unfortunately, the vast majority of studies reporting water treatment system evaluations are carried out over a few weeks—a period during which the Hygowater® system showed satisfactory results on 4 of the 5 units—rarely several months, and even more rarely several years [20]. Therefore, results are hardly comparable. Moreover, our study highlighted that simply treating DUWL may not be sufficient to ensure water quality, and regular monitoring must be included in the overall protocol [32].



The Calbenium® system has confirmed its rapid and long-term effectiveness, here over 5 years. Still, rare contaminations and the possibility of technical problems demand this regular monitoring. Like the Hygowater® system, its advantage over other previously evaluated systems is that it can be used on mains water without having to manage an external (sterile) water supply, and with an automatic functioning/dosage. Regarding the concentration of free chlorine in the water of the units connected to the Hygowater® system, the amount of chlorine does not appear to be linked to the results of DUWL contamination. Indeed, for a relatively stable concentration of 0.4 mg/L during the study period (Hygowater® unit 2, Table 3), the results were satisfactory, while for concentrations that regularly varied around 0.8 mg/L (Hygowater® units 1 and 5, Table 3), the results indicated a stronger contamination. All these values are within the range of efficacy given by the manufacturer, and the system seems therefore not to be always sufficient against well-implemented biofilms. Thus, to be efficient even faster and over a long-term basis in initially contaminated DUWL, a complementary or a stronger treatment of biofilm before the installation of the Hygowater® as a continuous treatment system should be considered and evaluated, just like the use of BRS® before the continuous treatment with Alpron® [20].



Another line of thought regarding the control of the microbiological quality of water in DUWL could be its biocontrol. Indeed, some microbial-based cleaning solutions showed interesting effects in the reduction of healthcare-associated infection-related pathogens [34], especially on the surfaces of a dental clinic [35]. In the same way, studies showed that predatory bacteria with protective features could be used as agents to prevent recolonization of the periodontal pocket by pathogenic germs after treatment [36]. As such, the use of probiotics could be a new potential strategy for the control of the microbiological quality in DUWL, but would demand studies to be led for its evaluation.



The results of this study can be quite generalizable, since the two systems which have been evaluated are freely marketed and used by dentists the same way they were used in this study. The units involved underwent a routine activity of dental care on patients, just like in private practices. Maintenance of units is taught and should then be equivalent in private practices, when students leave their formation. However, units’ input water used in private practices is not permanently under microbiological monitoring. Thus, results could even be worse. Finally, in real conditions, it is not possible to obtain standardized results, and this is crucial to keep in mind that a regular monitoring must be included in a maintenance protocol.




5. Conclusions


Both Hygowater® and IGN Calbenium® systems have an effect on the microbiological quality control of DUWL as continuous treatments. The IGN Calbenium® system appears to be more quickly effective, and more reliable on a long-term basis. The two systems have ergonomic advantages in that they can effectively be used directly on the mains water thanks to their automatic functioning/dosage. The Hygowater® system, however, presents the drawback of having to be associated with regular and rigorous flushing, more suited to a practice with a dedicated team than to a dental facility with a shared team. In initially contaminated DUWL, a complementary or stronger treatment of biofilm before the installation of the Hygowater® as a continuous treatment system should be considered.







Author Contributions


Investigation, D.O.; Methodology, D.O. and A.-M.M.; Supervision, A.-M.M.; Writing—original draft, D.O.; Writing—review and editing, D.O. and A.-M.M. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


Not applicable.




Data Availability Statement


The data presented in this study are available on request from the corresponding author.




Acknowledgments


The authors would like to thank the company DÜRR Dental for having lent the Hygowater® systems we used to perform the tests.




Conflicts of Interest


The authors have no conflicts of interest to declare.




References


	



Costa, D.; Girardot, M.; Bertaud, J.; Verdon, J.; Imbert, C. Efficacy of dental unit waterlines disinfectants on a plymicrobial biofilm. Water Res. 2016, 91, 38–44. [Google Scholar] [CrossRef]

	



Barbeau, J.; Buhler, T. Biofilms augment the number of free-living amoebae in dental unit waterlines. Res. Microbiol. 2001, 152, 753–760. [Google Scholar] [CrossRef]

	



Arvand, M.; Hack, A. Microbial contamination of dental unit waterlines in dental practices in Hesse, Germany: A cross-sectional study. Eur. J. Microbiol. Immunol. 2013, 3, 49–52. [Google Scholar] [CrossRef] [PubMed]

	



Offner, D.; Fioretti, F.; Musset, A.M. Contamination of dental unit waterlines: Assessment of three continuous water disinfection systems. BDJ Open 2016, 2, 16007. [Google Scholar] [CrossRef] [PubMed]

	



Walker, J.T.; Marsh, P.D. Microbial biofilm formation in DUWS and their control using disinfectants. J. Dent. 2017, 35, 721–730. [Google Scholar] [CrossRef] [PubMed]

	



Baudet, A.; Lizon, J.; Martrette, J.M.; Camelot, F.; Florentin, A.; Clément, C. Dental unit waterlines: A survey of practices in eastern France. Int. J. Environ. Res. Public Health 2019, 16, 4242. [Google Scholar] [CrossRef] [PubMed]

	



Pasquarella, C.; Veronesi, L.; Napoli, C.; Castiglia, P.; Liguori, G.; Rizzetto, R.; Torre, I.; Righi, E.; Farruggia, P.; Tesauro, M.; et al. Microbial environmental contamination in Italian dental clinics: A multicenter study yielding recommendations for standardized sampling methods and threshold values. Sci. Total Environ. 2012, 420, 289–299. [Google Scholar] [CrossRef] [PubMed]

	



Rogers, J.; Dowsett, A.B.; Dennis, P.J.; Lee, J.V.; Keevil, C.W. Influence of plumbing materials on biofilm formation and growth of Legionella pneumophilia in potable water systems. Appl. Environ. Microbiol. 1994, 60, 1842–1851. [Google Scholar] [CrossRef]

	



Coleman, D.C.; O’Donnell, M.J.; Shore, A.C.; Russell, R.J. Biofilm problems in dental unit water systems and its practical control. J. Appl. Microbiol. 2008, 106, 1424–1437. [Google Scholar] [CrossRef]

	



Farah, R.F.I. Effect of cooling water temperature on the temperature changes in pulp chamber and at handpiece head during high-speed tooth preparation. Restor. Dent. Endod. 2018, 44, e3. [Google Scholar] [CrossRef]

	



Sinjari, B.; D’Addazio, G.; Bozzi, M.; Santilli, M.; Traini, T.; Murmura, G.; Caputi, S. SEM Analysis of Enamel Abrasion after Air Polishing Treatment with Erythritol, Glycine and Sodium Bicarbonate. Coatings 2019, 9, 549. [Google Scholar] [CrossRef]

	



Smith, G.; Smith, A. Microbial contamination of used dental handpieces. Am. J. Infect. Control 2014, 42, 1019–1021. [Google Scholar] [CrossRef] [PubMed]

	



Offner, D.; Brisset, L.; Musset, A.M. Evaluation of the mechanical cleaning efficacy of dental handpieces. J. Hosp. Infect. 2019, 103, e73–e80. [Google Scholar] [CrossRef] [PubMed]

	



Petti, S.; Moroni, C.; Messano, G.A.; Polimeni, A. Detection of oral streptococci in dental unit water lines after therapy with air turbine handpiece: Biological flui retractation more frequent than expected. Future Microbiol. 2013, 8, 413–421. [Google Scholar] [CrossRef] [PubMed]

	



Zemouri, C.; de Soet, H.; Crielaard, W.; Laheij, A. A scoping review on bio-aerosols in healthcare and the dental environment. PLoS ONE 2017, 12, 0178007. [Google Scholar] [CrossRef]

	



Offner, D.; Fernandez de Grado, G.; Strub, M.; Belotti, L.; Deboscker, S.; Musset, A.M. Mobile Dental Delivery System: An Effective Protocol for Hygiene and Disinfection. Int. J. Environ. Res. Public Health 2020, 17, 1603. [Google Scholar] [CrossRef]

	



Ricci, M.L.; Fontana, S.; Pinci, F.; Fiumana, E.; Pedna, M.F.; Farolfi, P.; Sabattini, M.A.B.; Scaturro, M. Pneumonia associated with a dental unit waterline. Lancet 2012, 379, 684. [Google Scholar] [CrossRef]

	



Schönning, C.; Jernberg, C.; Klingenberg, D.; Andersson, S.; Pääjärvi, A.; Alm, E.; Tano, E.; Lytsy, B. Legionellosis acquired through a dental unit: A case study. J. Hosp. Infect. 2017, 96, 89–92. [Google Scholar] [CrossRef]

	



Hatzenbuehler, L.A.; Tobin-D’Angelo, M.; Drenzek, C.; Peralta, G.; Cranmer, L.C.; Anderson, E.J.; Milla, S.S.; Abramowicz, S.; Yi, J.; Hilinski, J.; et al. Pediatric dental clinic-associated outbreak of mycobacterium abscessus infection. J. Pediatric Infect. Dis. Soc. 2017, 6, e116–e122. [Google Scholar] [CrossRef]

	



Baudet, A.; Lizon, J.; Martrette, J.M.; Camelot, F.; Florentin, A.; Clément, C. Efficacy of BRS® and Alpron®/Bilpron® disinfectants for dental unit waterlines: A six-year study. Int. J. Environ. Res. Public Health 2020, 17, 2634. [Google Scholar] [CrossRef] [PubMed]

	



Chate, R.A.C. An audit improves the quality of water within the dental unit waterlines of general dental practices across the East of England. Br. Dent. J. 2010, 209, E11. [Google Scholar] [CrossRef] [PubMed]

	



Schel, A.J.; Marsh, P.D.; Bradshaw, D.J.; Finney, M.; Fulford, M.R.; Frandsen, E.; Østergaard, E.; Ten Cate, J.M.; Moorer, W.R.; Mavridou, A.; et al. Comparison of the efficacies of disinfectants to control microbial contamination in dental unit water systems in general dental practices across the European Union. Appl. Environ. Microbiol. 2006, 72, 1380–1387. [Google Scholar] [CrossRef] [PubMed]

	



Zemouri, C.; de Soet, J.J.; Volgenant, C.M.C.; Crielaard, W.; Laheij, A.M.G.A. Heterogeneity in the efficacy of dental chemical disinfectants on water-derived biofilms in vitro. Biofouling 2020, 36, 587–596. [Google Scholar] [CrossRef] [PubMed]

	



Smith, A.J.; McHugh, S.; Aitken, I.; Hood, J. Evaluation of the efficacy of Alpron disinfectant for dental unit water lines. Br. Dent. J. 2002, 193, 593–596. [Google Scholar] [CrossRef] [PubMed]

	



Munive-Degregori, A.; Mayta-Tovalino, F.; Gallo, W.; Luza, S.; Mauricio, F.; Ilizarbe, S.; Munive-Méndez, A. Evaluation of hydrogen peroxide and cetylpyrimidium chloride as bacterial decontaminants of dental unit water lines at a private Peruvian dental school. J. Int. Soc. Prevent. Community Dent. 2020, 10, 731–735. [Google Scholar]

	



European Council. Council directive 98/83/EC of 3 November 1998 on the quality of water intended for human consumption. Off. J. Eur. Commun. 1998, L330, 32–54. [Google Scholar]

	



Ministère de la Santé, D.G.S. Guide de Prévention des Infections Liées Aux Soins en Chirurgie Dentaire et en Stomatologie. 2006. Available online: http://social-sante.gouv.fr/IMG/pdf/Guide_de_prevention_des_infections_liees_aux_soins_en_chirurgie_dentaire_et_en_stomatologie.pdf (accessed on 15 March 2021).

	



Association Dentaire Française (ADF). Grille Technique D’évaluation Pour la Prévention des Infections Associées aux Soins. 2006. Available online: https://adf.asso.fr/articles/grille-technique-d-evaluation-pour-la-prevention-des-infections (accessed on 18 May 2021).

	



ISO 6222. Water Quality—Enumeration of Culturable Micro-Organisms—Colony Count by Inoculation in a Nutrient Agar Culture Medium; International Standard Organization: Geneva, Switzerland, 1999. [Google Scholar]

	



ISO 9308-1. Water Quality—Enumeration of Escherichia Coli and Coliform Bacteria—Part 1: Membrane Filtration Method for Waters with Low Bacterial Background Flora; International Standard Organization: Geneva, Switzerland, 2014. [Google Scholar]

	



ISO 16266. Water Quality—Detection and Enumeration of Pseudomonas Aeruginosa—Method by Membrane Filtration; International Standard Organization: Geneva, Switzerland, 2006. [Google Scholar]

	



Statement on Dental Unit Waterlines. American Dental Association. 20 March 2019. Available online: https://www.ada.org/en/member-center/oral-health-topics/dental-unit-waterlines (accessed on 15 March 2021).

	



Bednarsh, H.S.; Eklund, K.J.; Mills, S. Denta Unit Waterlines: Check Your Dental Unit Water IQ. 1997. Available online: https://www.osap.org/page/Issues_DUWL_7XXXX/Dental-Unit-Waterlines.htm (accessed on 15 March 2021).

	



Vandini, A.; Temmerman, R.; Frabetti, A.; Caselli, E.; Antonioli, P.; Balboni, P.G.; Platano, D.; Branchini, A.; Mazzacane, S. Hard surface biocontrol in hospitals using microbial-based cleaning products. PLoS ONE 2014, 9, e108598. [Google Scholar] [CrossRef]

	



Al-Marzooq, F.; Al Bayat, S.; Sayyar, F.; Ishaq, H.; Nasralla, H.; Koutaich, R.; Al Kawas, S. Can probiotic cleaning solutions replace chemical disinfectants in dental clinics? Eur. J. Dent. 2018, 12, 532–539. [Google Scholar] [CrossRef]

	



Patini, R.; Cattani, P.; Marchetti, S.; Isola, G.; Quaranta, G.; Gallenzi, P. Evaluation of predation capability of periodontopathognes bacteria by Bdellovibrio bacteriovorus HD100. An in vitro study. Materials 2019, 12, 2008. [Google Scholar] [CrossRef] [PubMed]








[image: Ijerph 18 05477 g001 550] 





Figure 1. Hygowater® system, connected to a dental unit. 
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Figure 2. Microbiological quality of the water samples for the units connected to the Hygowater® system. HPC at 37 °C. 
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Figure 3. Microbiological quality of the water samples for the units connected to the Hygowater® system. HPC at 22 °C. 
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Figure 4. Microbiological quality of the water samples for the units connected to the IGN Calbenium® system. HPC at 37 °C. 
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Figure 5. Microbiological quality of the water samples for the units connected to the IGN Calbenium® system. HPC at 22 °C. 
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Table 1. Culture conditions of the output water samples collected from the dental units and standards used.
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	Microorganisms Sought
	Volume Analyzed
	Maximum Storage Duration Before Analysis Recommended (h)
	Maximum Storage Duration Before Analysis Accepted (h)
	Storage Temperature (°C) Before Analysis
	Samples’ Seeding Conditions
	Standards





	viable aerobic MO at 22 °C
	1 mL
	8
	12
	5 ± 3
	72 h at 22 °C on agar PCA by inclusion
	ISO 6222 [29]



	viable aerobic MO at 37 °C
	1 mL
	8
	12
	5 ± 3
	48 h at 36 °C on agar PCA by inclusion
	ISO 6222 [29]



	Coliform bacteria and E. coli
	100 mL
	8
	18
	5 ± 3
	24 h at 36 °C on agar TTC by membrane filtration, 2nd inspection after 48 h
	ISO 9308-1 [30]



	Pseudomonas aeruginosa
	100 mL
	8
	12
	5 ± 3 or ambient (≤25)
	48 h at 36 °C on cetrimide agar by membrane filtration
	ISO 16266 [31]







Abbreviations: MO, microorganism; PCA, plate count agar; TTC, tergitol = medium used for the search and count of coliform bacteria.
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Table 2. Bacterial species incriminated in the contamination of DUWL at different time points.
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	D0
	D + 14
	D + 1 Month
	D + 2 Months
	D + 6 Months





	Hygowater unit 1
	Acidovorax temperans

Sphingomonas sp.
	Sphingomonas sp.

Chryseobacterium sp.
	Cupriavidus metallidurans
	-
	Blastomonas sp.

Methylobacterium sp.



	Hygowater unit 2
	Acidovorax temperans

Sphingomonas sp.
	-
	-
	-
	-



	Hygowater unit 3
	Acidovorax temperans

Novosphingobium sp.

Blastomonas sp.

Sphingomonas sp.
	Sphingomonas sp.
	Blastomonas sp.

Cupriavidus metallidurans
	-
	Methylobacterium sp.



	Hygowater unit 4
	Acidovorax temperans

Blastomonas sp.

Sphingomonas sp.
	Sphingomonas sp.

Cupriavidus metallidurans
	Blastomonas sp.

Methylobacterium sp.
	Blastomonas sp.


	Sphingomonas sp.

Methylobacterium sp.



	Hygowater unit 5
	Blastomonas sp.

Sphingomonas sp.
	Blastomonas sp.

Sphingomonas sp.

Chryseobacterium sp.
	-
	-
	Chryseobacterium sp.

Sphingomonas sp.

Cupriavidus sp.



	Calbenium unit 2
	-
	-
	-
	-
	Methylobacterium sp.



	Calbenium unit 5
	Stenotrophomonas maltophilia
	-
	-
	-
	-
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Table 3. Chlorine concentration follow-up, in mg/L (ND: No Dosage).
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	Weeks
	Hygowater Unit 1
	Hygowater Unit 2
	Hygowater Unit 3
	Hygowater Unit 4
	Hygowater Unit 5





	0
	0.8
	0.8
	0.8
	0.8
	0.8



	1
	0.3
	no water
	0.4
	0.3
	0.6



	2
	0.8
	0.4
	0.6
	0.4
	0.8



	3
	0.8
	0.4
	1
	0.6
	0.8



	4
	0.8
	0.4
	0.8
	0.8
	0.6



	5
	0.6
	0.4
	0.6
	0.4
	0.8



	6
	0.8
	0.4
	no water
	0.4
	0.6



	7
	0.8
	0.4
	0.8
	0.4
	0.6



	8
	1
	0.4
	0.6
	0.4
	0.8



	9
	0.8
	0.4
	0.6
	0.4
	0.6



	10
	0.8
	0.4
	0.6
	0.4
	0.6



	11
	0.8
	0.4
	0.4
	0.4
	0.6



	12
	ND
	ND
	ND
	ND
	ND



	13
	ND
	ND
	ND
	ND
	ND



	14
	1
	0.6
	0.8
	0.6
	0.4



	15
	0.8
	0.4
	0.6
	0.4
	0.6



	16
	1
	0.4
	0.4
	0.6
	0.6



	17
	1
	0.4
	0.4
	0.4
	0.6



	18
	0.8
	0.4
	0.4
	0.4
	0.8



	19
	1
	0.6
	0.4
	0.8
	0.8



	20
	0.8
	0.4
	0.8
	0.4
	0.8



	21
	0.8
	0.6
	0.4
	0.4
	0.8



	22
	0.8
	0.4
	0.8
	0.6
	0.8



	23
	0.4
	0.6
	0.4
	0.6
	1



	24
	0.6
	0.6
	0.4
	0.8
	0.8



	25
	0.6
	0.4
	0.4
	0.8
	0.8
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Table 4. Sample results (in cfu/mL) and statistical analysis.
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Unit 1

	
Unit 2

	
Unit 3

	
Unit 4

	
Unit 5

	
Mean Value

	
p-Value (Versus D0 in Hygowater System)

	
p-Value (Versus IGN Calbenium System)






	
HPC 22 °C

	
D0

	
>200

	
>200

	
>200

	
>200

	
>200

	
>200

	

	
***




	
D + 1

	
88

	
55

	
200

	
200

	
96

	
127.8

	
NS

	
*




	
D + 14

	
200

	
N/A

	
20

	
10

	
200

	
107.5

	
NS

	
N/A




	
D + 1 month

	
2

	
1

	
13

	
<1

	
<1

	
3.2

	
***

	
NS




	
D + 2 months

	
<1

	
<1

	
<1

	
1

	
<1

	
0.2

	
***

	
NS




	
D + 6 months

	
<1

	
<1

	
<1

	
<1

	
60

	
12

	
***

	
NS




	
HPC 37 °C

	
D0

	
>200

	
>200

	
>200

	
>200

	
>200

	
>200

	

	
***




	
D + 1

	
200

	
100

	
200

	
200

	
137

	
167.4

	
NS

	
**




	
D + 14

	
200

	
N/A

	
50

	
17

	
200

	
116.7

	
NS

	
N/A




	
D + 1 month

	
1

	
<1

	
9

	
100

	
<1

	
22

	
***

	
NS




	
D + 2 months

	
<1

	
1

	
<1

	
200

	
<1

	
40.2

	
*

	
NS




	
D + 6 months

	
153

	
<1

	
60

	
200

	
48

	
92.2

	
*

	
NS








(N/A: not applicable; NS: non-significant; * p < 0.05, ** p < 0.01, *** p < 0.001).
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