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Abstract

:

Although today all of the aspects of Legionella are better understood than in the past, in many countries the interest is still mainly focused on healthcare and tourism facilities. Other at-risk areas are less explored, such as those where workers are often in contact with water during their activities. In reality, any water system capable of producing aerosols can be considered a potential source of Legionella transmission, including car washes, where a large number of users work and flow through annually. From January to May 2022, 120 samples were carried out in 30 car washes located in Messina (Italy): 60 samples of water and 60 of aerosols. The aim of this investigation was to evaluate the risk of legionellosis in car washing workers exposed to potentially contaminated aerosols. To increase the probability of finding Legionella, the sample collections were organized on different days of the week. Of the total samples taken, 10 (8.3%) were positive for Legionella: seven (11.7%) water (range 100–1000 CFU) and three (5%) aerosol (range 10–150 CFU) samples. Detected serogroups were L. pneumophila sgr 1, 7, 10 and Legionella gormanii. Given the results obtained, preventative measures should be implemented in such facilities in order to protect the health of users and car wash operators.
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1. Introduction


Legionellosis, Although today all of the aspects of legionellosis are better understood than in the past, it is still considered a concern in many countries and is related to healthcare settings and touristic-receptive structures [1,2,3,4,5,6,7,8]. Bacteria belonging to the genus Legionella are naturally and commonly found in freshwater environments, like lakes, rivers and streams, that represent a natural reservoir. However, these bacteria can become pathogens affecting humans because they are able to grow in many different building’s water systems like taps, air conditioners, cooling towers, hot water systems, ornamental fountains, water tanks and heaters and old and wide plumbing systems [9].



Some at-risk areas have been explored less, such as those where workers and customers are frequently in contact with water during their activities. The currently used Italian Guidelines [10], in point 6.2. “The Risk for Healthcare Workers”, consider other categories of operators such as firefighters, gardeners and horticulturists and car washers. On the basis of this consideration, each employer, in accordance with the Italian Legislative Decree 81/2008 and subsequent amendments regarding the protection of health and safety in the workplace, has the obligation to consider that the risk of legionellosis may concern both its own workers and those who attend each they are responsible for. Therefore, the obligation to carry out a risk assessment (revised at least every 3 years, subject to more stringent provisions) is reaffirmed so that all the preventative and control measures described in the previous paragraphs are implemented, not only in response to a case of Legionella, but before this happens, to prevent the risk.



Despite its low notification rates in EU/EEA countries (overall 2.4 per 100,000 inhabitants), legionellosis is a relevant cause of community- and hospital-acquired pneumonia [11,12]. In the literature, an increasing number of cases of community legionellosis have been reported which are associated with the work environment [13,14,15].



Indeed, over the years, it has been documented that legionellosis occurs in many types of workers, specifically maintenance technicians of air-conditioning or water supply systems, dentists, workers in oil and gas installations, miners, welders, car washers, workers at biological treatment plants, land workers and workers in the forestry industry [16,17,18,19,20,21,22,23]. Nowadays, it is usually accepted that a predictable risk of exposure to Legionellae could be present in any situation characterized by a work activity using or storing water and where there is the possibility of creating and transmitting water droplets and aerosols that can be inhaled. Generally, the majority of occupational cases occur sporadically, and the transmission chain is very often hard to recognize. Occupational legionellosis is often considered an unpredictable accident, even though a higher risk of infection certainly exists for some categories of workers, especially those who are strictly in contact with water and aerosols, and this has created the absolute need for appropriate prevention strategies, according to the European Directive 2000/54/EC [24], which applies to all activities where workers are potentially exposed to microorganisms as a result of their work.



For this reason, legionellosis, in addition to being an infectious disease with compulsory notification, has also become an occupational health issue. Previously, in 2011, the EU-OSHA (European Agency for Safety and Health at Work) published a report titled “Legionella and Legionnaires’: a policy overview” [25], and a factsheet (No. 100) titled “Legionella and Legionnaires disease: European policies and good practices” [26], which, addressed the issue of occupational safety and health, highlighted the risk of specific categories of workers contracting certain diseases (e.g., maintenance workers air conditioning and water supply systems, workers in places with atomization machines, welders, miners, healthcare workers involved in industrial waste water treatment, car washers, etc.) and insisted that legionellosis is considered and counted among the “risks at work”, and has been included among the pathologies and the infections to monitor and deepen our understanding of and for which health surveillance is necessary.



Although nowadays the important role played by Legionella in workplace settings are well-known, few data are available on its incidence in these environments. Indeed, according to the origin, the typical classification of legionellosis is still divided into community-, hospital-, and travel-associated, without including work-related cases. A recent paper reviewed the incidence of legionellosis related to work activity and showed that the overall number of confirmed cases of the infection (including both Legionnaire’s Disease and Pontiac Fever) involved 805 workers, including nine deaths [27]. However, the true incidence of legionellosis, either work-related or not, is surely much higher because many cases are contracted in a sub-clinical way or remain undiagnosed. From the latter point of view, since the introduction of urinary antigen tests in the mid-1990s, underdiagnoses decreased and mortality declined, thanks to the ability to diagnose the infection early [28,29,30]. There are three main reasons for the under-diagnosis and under-reporting of legionellosis: (i) patients affected by pneumonia are suddenly treated before a microbiological diagnosis, with no need to know the real etiology of pneumonia; (ii) some diagnostic methods for legionellosis can give false negative results; (iii) in patients affected by co-morbidities and a serious clinical situation, mortality can be ascribed to their critical condition and not to the infection [31].



Based on our previous experiences, some of which have also investigated unusual sources of Legionella in hospital environments [32,33,34,35], we have conducted a field investigation to evaluate the risk of contracting this disease in some car washing workers and users exposed to aerosols potentially contaminated by Legionella in the city of Messina (Sicily, Italy).




2. Materials and Methods


2.1. Sampling


Air is not a matrix in which microbial load can be easily quantified because while some European laws establish procedures for the microbiological assessment of other environmental matrices (e.g., methods are well described for the identification of microorganisms in water samples), no specific regulations have been established for air monitoring in such environments.



Generally, to sample biological particles in the air, both an active and a passive method can be used.



From January to May 2022, 120 samples were collected from 30 car washes located in the city of Messina (Sicily, Italy) and the nearest periphery; specifically, 60 samples of water and 60 of aerosols. Samplings were performed weekly, following an agreement with the owners. It should be noted that the water used by the car washes is from the city’s water supply system. Among the tested car washes, water recirculation was not practiced.



To evaluate the presence of Legionella and, consequently, to assess the risk to exposed workers and users, the first sampling was carried out on a Monday morning, after 36 h of unused pumping, before starting the activities, from the end of the rubber tube; the second sampling was carried out on a Thursday, during routine activities.




2.2. Water Sampling


Samples of water were collected from taps using 5 L sterile plastic tanks according to Annex 3 of the Italian Guidelines 2015 [10] and in accordance with ISO 11731:2017 [36] “Water quality-detection and enumeration of Legionella. Direct membrane filtration method for water with low bacterial counts”. To increase the probability of Legionella isolation, each tank was kept for 3 h at 37 °C before analytical procedures. The results were expressed in colony forming units/Liter (CFU/L) of water.




2.3. Air Sampling


During each water sampling an active microbiological aerosol pick-up was used with the aid of the Air Ideal 3P air sampler (Biomerieux, Marcy-l’Étoile, France). This is an impactor-type device based on the principle described by Andersen [37], in which the air is drawn through a grid perforated with a series of 286 calibrated holes. The instrument is able to accommodate Petri dish plates 9 cm in diameter. The resulting air flows containing microorganisms were directed onto the agar surface of a Buffered Charcoal-Yeast Extract (BCYE) Agar plate (Oxoid Ltd., Milan, Italy).



The Air Ideal 3P was set to an air intake of 100 L/min at an impact speed lower than 20 m/s according to the impaction principle recommended by the draft standard ISO/DIS 14698-1 [38] in order to prevent the medium plates becoming overly contaminated by bacteria and moulds normally suspended in the air. The total amount of aspirated aerosol was 0.5 m3 (equivalent to an aspiration of 500 L of air in 5 min). The instrument was placed as near as possible to the car wash operator, to simulate true exposure.



The number of colonies grown per plate was calculated by following the conversion table to calculate the most probable number of organisms sampled using instruments that take in air and is expressed in CFU/m3, as shown below (adapted from PBI international).




   X =   Pr × 1000  V    









X = CFU /1000 L of air (1 m3).



Pr = Most Probable Number (colony count using the correction factor).



V = Volume of sampled air.




2.4. Isolation and Identification of Legionella spp.


To detect Legionella spp. from water samples, we used the standard procedures reported in Annex 4 of the Italian Guidelines 2015 for the prevention and control of legionellosis. Water samples were concentrated to 10 mL through the use of 0.2 µm porosity membrane filters and then incubated at 50 °C for 30 min in a thermostatic bath. Concentrated and unconcentrated samples were spread on BCYE Agar Base Medium (Oxoid) plates in duplicate, then incubated for 10 days at 36–37 °C in a moist chamber with 2.5% CO2. After the incubation, the suspected colonies were isolated and confirmed as Legionella spp. by screening their inability to grow on a culture medium deprived of cysteine. Bacterial counts were reported in CFUs/L according to the number of colonies detected per plate and to the dilutions carried out on the original sample. The isolates were further identified as L. pneumophila serogroups using the microagglutination kit ‘Legionella pneumophila antisera set 1 and 2’ and Legionella antisera for several Legionella species such as L. dumoffii, L. bozemanii, L. micdadei, L. gormanii etc. (Biogenetics, Denka Seiken Co., Ltd., Tokyo, Japan).




2.5. Statistical Analyses


All the obtained data were collected and analysed with Prism 4.0 software. Comparisons between groups were performed using the Chi-square test. Significance was assessed at the p < 0.05 level.





3. Results


A total of 120 samples were collected: respectively, 60 of water (30 on Monday morning and 30 on Thursday morning) and 60 of aerosol (in the same days as the sampling of water). The results are summarized in Table 1.



3.1. Result of Water Samples


Of the sixty analyzed water samples, seven (11.7%) were positive for the presence of legionellae: six (20%) of those collected on the Monday and one (3.3%) from the Thursday. Isolated legionellae were L. pneumophila sgr 1 (1 strain), L. pneumophila sgr 7 (1 strain), L. pneumophila sgr 10 (3 strains) and Legionella gormanii (2 strains). The limit of detection for the culturing method is 100 cfu/L.




3.2. Result of Aerosol Samples


With regard to samples of aerosol, of sixty collected samples, only in three (5%) was the presence of Legionella detected, all in samples collected on Monday. Isolated legionellae were L. pneumophila sgr 10 (two strains) and Legionella gormanii (one strain). No samples were positive among those collected on Thursday. As expected, the same legionellae isolated from water were found, in much smaller quantities, in respective aerosol samples.



The mean concentration of legionellae isolated show significant differences between the two sampling days (p < 0.05).





4. Discussion


Clinical manifestations of legionellosis are variable in severity, ranging from a mild febrile disease to a serious and sometimes deadly pneumonia, and severity is determined by the exposure to Legionella species found in water. The usual form of Legionella transmission is the inhalation of contaminated aerosols produced in conjunction with water sprays, jets or mists [39]. Only recently has there been evidence in the literature of a possible inter-human contagion [40].



The presence of Legionella in aerosols and bioaerosol has been widely demonstrated by many authors [37,41,42,43,44,45,46,47], both in indoor and outdoor environments. A valid air sampling technique, together with continuous water surveillance, is able to provide many benefits in preventing legionellosis [48]. In particular, aerosols must be the object of continuous monitoring. Therefore, evaluating the air around aerosol-producing devices may provide great help in assessing the potential for Legionella spp. aerosolization [18], identifying possible infection sources and also assessing the distance of Legionella spreading [49].



Different modalities of air sampling can be performed. In the active method, a known air quantity is aspirated and conveyed on a solid or liquid collecting surface. The microbial load in the air is then measured and reported as colony-forming units per cubic meter (CFU/m3) [38]. At present, different instruments are available, each with some limitations, so that the choice of a device compared to another one must be based on the careful consideration of the conclusion we want to reach with the analysis and the knowledge of the limitations of the various samplers and all the possible factors capable of affecting the results [38,50]. Each active sampler provides different results when used to evaluate the air microbial load at the same time, showing a high variability. Many previously published papers aiming to compare the efficiency of different samplers showed that the final count differs from one device to the other ones [45,50]. Therefore, it can be hard to compare data collected with different samplers. The impact method on solid plate is the most commonly used active method to quantify microbial air contamination. In particular, two different impactor samplers are available, according to their different inlet characteristics: slit samplers and sieve samplers. In the first samplers, air is aspired through a single nozzle, while in the second ones, air is aspired through a plate with several holes and the particles impact on an agar medium for culture-based analysis or an adhesive-coated surface, located below the perforated plate, that can be microscopically analyzed [51]. If we are talking about an outdoor environment, we need to evaluate the direction and velocity of the wind, which, by dispersing the suspended particles, decreases the potential bacterial load that is present; other factors to consider are relative humidity, season, water temperature, etc. [52]. However, aerosol sampling techniques established to detect Legionella, as opposed to another microorganism, are limited by the presence of other germs and molds that, growing in this case on BCYE agar plate, often interfere with the analysis, invalidating it. It is not uncommon to find the simultaneous presence of bacteria, amoebae, molds, etc., in the water and/or aerosol samples [53,54,55].



Any water system able to produce aerosols can be considered as a potential source of Legionella, including car washes (where a lot of aerosols are normally produced during the work activity) which has a large number of workers and users, who are potentially affected by some chronic health conditions, causing a reduction in immune responses and then putting these subjects at a potential risk of contracting legionellosis. Appropriate measures to prevent and control Legionella growth should be implemented in such facilities to protect the health of car wash workers and also, in this particular case, of users.



Generally, in our urban areas, washing cars on the streets has long been forbidden in many communities. The reasons for this limitation were mainly due to ecological considerations, since the resulting washing water could contain oils, lubricants, tar, suspended material, heavy metals and microorganisms, which often penetrate the soil, thus posing a danger to ground waters and surface waters and representing a risk of environmental pollution. Moreover, when the cars are washed manually, much more water is used than the is used in a mechanical washing plant (ranging from 10 to 15 L to even more than 400) and this water is normally not recycled, thus increasing the waste of water. Since industrial water in a car wash facility can be microbiologically contaminated, both staff and customers must be protected from possible health hazards, especially if contaminated washing water is sprayed in closed areas without ventilation. In fact, aerosolized powder contaminated by bacteria can be inhaled, representing a potential source of infection.



Different types of car wash systems are spread across our territory: fully automated, full service (where the car is washed by special attendants) and self serve. In these three types of service, the risk differs because, while workers are exposed in the first two types, customers can be at risk in the third one. The water used at a car wash service may be used only once and drained away, or it can be collected in tanks and recycled. In this service, numerous factors can influence the growth of Legionella and they have to be considered. First of all, there is the high possibility of exposure to aerosols during the washing cycle (especially when warm water is used). In addition, there may be concerns about water temperature and water stagnation. Finally, there could be the potential for bacterial contamination when the water is recycled. Particularly because some compounds as soaps, dirt, oils and sediments can provide nutrients which support bacterial and protozoan growth, and it is well-known that the latter are an important vector for the survival and growth of Legionella [53]. Contaminated bacteria are capable of forming a biofilm inside hand-held hoses and storage tanks.



In our study, water collected from local car washes was found to be contaminated by Legionellae, even if in low concentrations. L. pneumophila was the most detected species. The significant difference found in samplings carried out at the beginning of the week, after the water system has not been used, compared to those conducted in the middle of the week is very interesting. This situation is in accordance with the well-known role played by water stagnation in the growth of Legionella, this being one of the most important critical risk factors in the spread of the disease. Another important finding was the remarkable difference found between the contamination of the water and the aerosol. Specifically, for the latter, only samples at the beginning of the week were contaminated. In terms of the detected species, L. gormanii must be mentioned as it was isolated from both the water and aerosols samples. L. gormanii is one of the 28 Legionella species associated with human disease and, within the species Legionella, is the second most commonly detected one as a cause of community-acquired pneumonia. This species was first isolated from a 64-year-old woman affected by pneumonia with some important comorbidities such as systematic lupus erythematosus and adenocarcinoma [56]. An important feature of this particular species is its clinical detection in children, while other Legionella species are rarely isolated in this patient group [57]. All the pneumonia cases caused by L. gormanii were reported in immunosuppressed patients. However, the detection of this species has also recently been demonstrated in an immunocompetent patient [58].



Our results suggest how important it is to continuously survey the safety of water used in car wash activities for both workers and users, among which we can hypothesize the presence of people affected by some health conditions (i.e., immunodepression) that put people themselves at a higher risk of developing the disease.



Despite the fact that the amount of Legionella that we found in the aerosol is considerably low, we can hypothesize a certain risk for both customers and users considering the remarkable exposure to aerosols produced during the activity phase of the machinery responsible for car washing. Therefore, an efficient air sampling technique, along with a continuous water surveillance, is beneficial in preventing legionellosis in this particular setting. Monitoring the air around the aerosol produced, using instruments or other tools, may support in understanding the maximum potential for Legionella spp. aerosolization, ascertaining possible infection sources, and evaluating the distance that Legionella has spread. In order to bypass the limits of air sampling, alternative methods can be used to increase the sensitivity and the possibility to detect Legionellae in the air. In this way, liquid sampling methods such as (Coriolis®μ), a portable cyclone-based air sampler for liquid medium, used to quantify Legionella in bioaerosols can be used [59]. This method can increase the detection of legionellae as it avoids the growth of molds that can overwhelm the development of legionellae in solid plate. Moreover, the use of molecular detection methods, such as PCR and Next Generation Sequencing (NGS), can further increase the detection of these bacteria [60].



Some countries have elaborated and issued specific guidelines and protocols for managing the risk of legionellosis having car washing systems as source of infection. In June 2008, the Water Management Society issued some recommendations (revised in January 2014) about checks on water quality and microbial load, including testing for Legionella spp. and the routine cleaning and disinfection of car wash systems [61]. In addition, the Australian Car Wash Association published a document for Legionella control at car wash systems soon after the first outbreak of legionellosis, recognizing a car wash in Hoppers Crossing, Victoria, as a source of infection [62] which caused the hospital admission of seven patients with a diagnosis of legionellosis. Furthermore, other two documents, a Public Health and Wellbeing Act and a Public Health and Wellbeing Regulation, were published in 2008 and 2009, respectively. These documents establish many different and general key points, including the storage of water at temperatures < 30 °C, the replacement of rubber hosing with polyethylene, metal or copper tubing and the regular disinfection of water systems with a chlorine-based disinfectant [63,64]. In Italy, the 2015 guidelines for the prevention and control of legionellosis [10] only includes the risk of the workers at car wash installations contracting legionellosis, and not their customers. Therefore, it does not provide any specific recommendations about measures that these structures can adopt to avoid the risk of Legionella contamination because only hospital water systems, air conditioning implants, cooling towers, spas, swimming pools and hot water systems are considered as common sources of infection.



At present, in the guide lines in force in Italy, there is no reference to the presence of Legionella in aerosols, our belief is that, in future revisions of the guidelines, the monitoring of aerosol in risk environments must be inserted. It is clear that, as long as this is not implemented, the only way to limit the Legionella risk is to conduct a good assessment of the presence of germs in water and the careful application of diagnostic and innovative preventative actions to try to contain its diffusion as much as possible [65,66]. In addition, an improved characterization of the environmental exposures that facilitate the risk of Legionella transmission may provide a rational for focusing prevention efforts, and may also help us to better recognize the source of infection. Indeed, making a good map of Legionella infections detected from a specific environmental source could play a leading role in the epidemiological investigation.




5. Conclusions


Legionella spp. is now considered an important waterborne pathogen able to contaminate any natural and artificial water system. Naturally, the hospital setting is the most studied setting and it has been evaluated in all its aspects especially due to the presence of immunocompromised patients (elderly people, patients affected by malignancies and other chronic diseases). However, now legionellosis is actually also considered an occupational risk and different work environments have been studied before now. Car washes are an unusual location, rarely considered in studies, but that can certainly have an importance in spreading the disease considering that, during the work activity, a lot of aerosols are formed that can be inhaled by both workers and customers, resulting in a real risk of contracting the infection. The knowledge about this setting is very limited due to the very poor presence of researchers in the international literature. We think that our study has the merit to widen and improve this knowledge and it represents another step forward in the fight against legionellosis.




6. Limits of the Study


As described in the literature, the exposition of environmental conditions, such as the chlorination of municipal water supplies, favors the formation of resistant and potentially infectious viable but non-culturable (VBNC) Legionella that cannot be detected using the standard culture. For this reason, the data relating to the isolated bacterial load could be underestimated. Likewise, in the case of very low charges, there may be false negative results.







Author Contributions


Conceptualization, P.L. and S.A.D.; methodology, M.E.G.; validation, O.D.G. and S.A.D.; formal analysis, R.P.; investigation, A.F.; data curation, R.P.; writing—original draft preparation, M.E.G.; writing—review and editing, A.F.; supervision, P.L. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Data Availability Statement


Data are contained within the article.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



De Filippis, P.; Mozzetti, C.; Amicosante, M.; D’Alò, G.L.; Messina, A.; Varrenti, D.; Giammattei, R.; Di Giorgio, F.; Corradi, S.; D’Auria, A.; et al. Occurrence of Legionella in showers at recreational facilities. J. Water Health 2017, 15, 402–409. [Google Scholar] [CrossRef]

	



Sciuto, E.L.; Laganà, P.; Filice, S.; Scalese, S.; Libertino, S.; Corso, D.; Faro, G.; Coniglio, M.A. Environmental management of Legionella in domestic water systems: Consolidated and innovative approaches for disinfection methods and risk assessment. Microorganisms 2021, 9, 577. [Google Scholar] [CrossRef]

	



Delia, S.; Laganà, P.; Minutoli, E.; Cannavò, G.; Parisi, S. Prevention of legionellosis in hotel establishments: A proposal to introduce a plan of action in accordance with Provision 13 January 2005 (Italy). Ig. Sanita Pubbl. 2008, 64, 485–507. [Google Scholar]

	



Laganà, P.; Gambuzza, M.E.; Delia, S. Prevalence and distribution of Legionella pneumophila in cruise ships and ferries. Ann. Agric. Environ. Med. 2017, 24, 276–282. [Google Scholar] [CrossRef]

	



Sepin Özen, N.; Tuğlu Ataman, Ş.; Emek, M. Exploring the Legionella pneumophila positivity rate in hotel water samples from Antalya, Turkey. Environ. Sci. Pollut. Res. Int. 2017, 24, 12238–12242. [Google Scholar] [CrossRef]

	



Mouchtouri, V.A.; Rudge, J.W. Legionnaires’ Disease in Hotels and Passenger Ships: A Systematic Review of Evidence, Sources, and Contributing Factors. J. Travel Med. 2015, 22, 325–337. [Google Scholar] [CrossRef]

	



Laganà, P.; Facciolà, A.; Palermo, R.; Delia, S. Environmental Surveillance of Legionellosis within an Italian University Hospital-Results of 15 Years of Analysis. Int. J. Environ. Res. Public Health 2019, 16, 1103. [Google Scholar] [CrossRef]

	



Laganà, P.; Gioffrè, M.E.; Delia, S.A.; Facciolà, A. Legionella spp. in Thermal Facilities: A Public Health Issue in the One Health Vision. Water 2023, 15, 689. [Google Scholar] [CrossRef]

	



Center for Disease Control and Prevention (CDC). Legionella (Legionnaires’ Disease and Pontiac Fever). Available online: https://www.cdc.gov/legionella/about/causes-transmission.html (accessed on 5 May 2023).

	



Italian Guidelines for the Prevention and Control of Legionellosis. 7 May 2015. Available online: http://www.salute.gov.it/imgs/C_17_pubblicazioni_2362_allegato.pdf (accessed on 13 May 2023).

	



Legionnaires’ Disease. Annual Epidemiological Report. 2021. Available online: https://www.ecdc.europa.eu/en/publications-data/legionnaires-disease-annual-epidemiological-report-2021 (accessed on 4 April 2023).

	



Legionnaires’ Disease in Europe. Surveillance Report. 12 January 2016. 2014. Available online: https://ecdc.europa.eu/en/publications-data/legionnaires-disease-europe-2014 (accessed on 31 July 2017).

	



Boshuizen, H.C.; Neppelenbroek, S.E.; van Vliet, H.; Schellekens, J.F.; den Boer, J.W.; Peeters, M.F.; Conyn-van Spaendonck, M.A. Subclinical Legionella infection in workers near the source of a large outbreak of Legionnaires disease. J. Infect. Dis. 2001, 184, 51–58. [Google Scholar] [CrossRef] [PubMed]

	



Ward, M.; Boland, M.; Nicolay, N.; Murphy, H.; McElhiney, J.; Collins, C.; Lynch, M.; McCarthy, M.; O’Donnell, J. A cluster of Legionnaires’ disease and associated Pontiac fever morbidity in office workers, Dublin, June–July 2008. J. Environ. Public Health 2010, 2010, 463926. [Google Scholar] [CrossRef] [PubMed]

	



Ricci, M.L.; Fontana, S.; Bella, A.; Gaggioli, A.; Cascella, R.; Cassone, A.; Scaturro, M. A preliminary assessment of the occupational risk of acquiring Legionnaires’ disease for people working in telephone manholes, a new workplace environment for Legionella growth. Am. J. Infect. Control 2010, 38, 540–545. [Google Scholar] [CrossRef]

	



Gardner, R. Overview and characteristics of some occupational exposures and health risks on offshore oil and gas installations. Ann. Occup. Hyg. 2003, 47, 201–210. [Google Scholar]

	



O’Keefe, N.S. Two linked cases of legionellosis with an unusual industrial source. Med. J. Aust. 2005, 183, 491–492. [Google Scholar] [CrossRef]

	



Blatny, J.M.; Reif, B.A.; Skogan, G.; Andreassen, O.; Høiby, E.A.; Ask, E.; Waagen, V.; Aanonsen, D.; Aaberge, I.S.; Caugant, D.A. Tracking airborne Legionella and L. pneumophila at a biological treatment plant. Environ. Sci. Technol. 2008, 42, 7360–7367. [Google Scholar] [CrossRef]

	



Coetzee, N.; Liu, W.K.; Astbury, N.; Williams, P.; Robinson, S.; Afza, M.; Duggal, H.V. Legionnaires’ disease cluster linked to a metal product aqueous pre-treatment process, Staffordshire, England, May 2008. Eurosurveillance 2009, 14, 19348. [Google Scholar] [CrossRef] [PubMed]

	



Bonifait, L.; Marchand, G.; Veillette, M.; M’Bareche, H.; Dubuis, M.E.; Pépin, C.; Cloutier, Y.; Bernard, Y.; Duchaine, C. Workers’ exposure to bioaerosols from three different types of composting facilities. J. Occup. Environ. Hyg. 2017, 21, 815–822. [Google Scholar] [CrossRef] [PubMed]

	



Kusnetsov, J.; Neuvonen, L.K.; Korpio, T.; Uldum, S.A.; Mentula, S.; Putus, T.; Tran Minh, N.N.; Martimo, K.P. Two Legionnaires’ disease cases associated with industrial waste water treatment plants: A case report. BMC Infect. Dis. 2010, 10, 343. [Google Scholar] [CrossRef] [PubMed]

	



Pepper, I.L.; Gerba, C.P. Risk of infection from Legionella associated with spray irrigation of reclaimed water. Water Res. 2018, 139, 101–107. [Google Scholar] [CrossRef] [PubMed]

	



Madera-García, V.; Mraz, A.L.; López-Gálvez, N.; Weir, M.H.; Werner, J.; Beamer, P.I.; Verhougstraete, M.P. Legionella pneumophila as a Health Hazard to Miners: A Pilot Study of Water Quality and QMRA. Water 2019, 11, 1528. [Google Scholar] [CrossRef]

	



EUR-Lex. Access to European Union Law. Directive 2000/54/EC. Available online: https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX%3A32000L0054 (accessed on 31 March 2023).

	



European Agency for Safety and Health at Work (EU-OSHA). Legionella and Legionnaires’ Disease: A Policy Overview. 2011. Available online: https://osha.europa.eu/en/tools-and-publications/publications/literature_reviews/legionella-policy-overview (accessed on 31 March 2023).

	



European Agency for Safety and Health at Work (EU-OSHA). E-Fact 100: Risk Assessment for Biological Agents. 2010. Available online: https://osha.europa.eu/en/tools-and-publications/publications/factsheets/100 (accessed on 10 April 2023).

	



Principe, L.; Tomao, P.; Visca, P. Legionellosis in the occupational setting. Environ. Res. 2017, 152, 485–495. [Google Scholar] [CrossRef] [PubMed]

	



Phin, N.; Parry-Ford, F.; Harrison, T.; Stagg, H.R.; Zhang, N.; Kumar, K.; Lortholary, O.; Zumla, A.; Abubakar, I. Epidemiology and clinical management of Legionnaires’ disease. Lancet Infect. Dis. 2014, 14, 1011–1021. [Google Scholar] [CrossRef]

	



Mercante, J.W.; Winchell, J.M. Current and emerging Legionella diagnostics for laboratory and outbreak investigations. Clin. Microbiol. Rev. 2015, 28, 95–133. [Google Scholar] [CrossRef] [PubMed]

	



Khodr, A.; Kay, E.; Gomez-Valero, L.; Ginevra, C.; Doublet, P.; Buchrieser, C.; Jarraud, S. Molecular epidemiology, phylogeny and evolution of Legionella. Infect. Genet. Evol. 2016, 43, 108–122. [Google Scholar] [CrossRef]

	



EWGLINet; EWGLI. European Guidelines for Control and Prevention of Travel Associated Legionnaires’ Disease. The European Working Group for Legionella Infections. 2005. Available online: http://legionellaonline.it/linee-guidaEWGLI_gen2005.pdf (accessed on 5 April 2023).

	



Delia, S.; Laganà, P. Unusual Sources of L. pneumophila in Hospital Environment. Ann. Ig. 2002, 14, 443–446. [Google Scholar] [PubMed]

	



Laganà, P.; Delia, S. Environmental Sources of Legionella pneumophila: Incubators in a Premature Unit. J. Prev. Med. Hyg. 2000, 41, 34–36. [Google Scholar]

	



Laganà, P.; Moscato, U.; Poscia, A.; La Milia, D.I.; Boccia, S.; Avventuroso, E.; Delia, S. Geostatistics, tool applied to the distribution of Legionella pneumophila in a hospital water system. Ann. Agric. Environ. Med. 2015, 22, 655–660. [Google Scholar] [CrossRef]

	



Laganà, P.; Avventuroso, E.; Casale, M.; Dattilo, G. Risk Assessment of Legionellosis in Cardiology Units. J. Prev. Med. Hyg. 2017, 58, E173–E176. [Google Scholar] [PubMed]

	



ISO 11731:2017; Water Quality—Enumeration of Legionella. International Organization for Standardization: Geneva, Switzerland, 2017.

	



Montagna, M.T.; Cristina, M.L.; De Giglio, O.; Spagnolo, A.M.; Napoli, C.; Cannova, L.; Deriu, M.G.; Delia, S.A.; Giuliano, A.; Guida, M.; et al. Serological and molecular identification of Legionella spp. in water and surrounding air samples in Italian healthcare facilities. Environ. Res. 2016, 146, 47–50. [Google Scholar] [CrossRef]

	



ISO/DIS 14698-1; Cleanrooms and Associated Controlled Environments Biocontamination Control—Part 1: General Principles and Methods. International Organization for Standardization: Geneva, Switzerland, 2003. Available online: https://www.iso.org/standard/25015.html (accessed on 28 May 2023).

	



World Health Organization (WHO). Legionellosis. Available online: http://www.who.int/mediacentre/factsheets/fs285/en/ (accessed on 20 May 2023).

	



Borges, V.; Nunes, A.; Sampaio, D.A.; Vieira, L.; Machado, J.; Simões, M.J.; Gonçalves, P.; Gomes, J.P. Legionella pneumophila strain associated with the first evidence of person-to-person transmission of Legionnaires’ disease: A unique mosaic genetic backbone. Sci. Rep. 2016, 6, 26261. [Google Scholar] [CrossRef]

	



Montagna, M.T.; De Giglio, O.; Napoli, C.; Cannova, L.; Cristina, M.L.; Deriu, M.G.; Delia, S.A.; Giuliano, A.; Guida, M.; Laganà, P.; et al. Legionella spp. contamination in indoor air: Preliminary results of an Italian multicenter study. Epidemiol. Prev. 2014, 38, 62–65. [Google Scholar]

	



Montagna, M.T.; De Giglio, O.; Cristina, M.L.; Napoli, C.; Pacifico, C.; Agodi, A.; Baldovin, T.; Casini, B.; Coniglio, M.A.; D’Errico, M.M.; et al. Evaluation of Legionella air contamination in healthcare facilities by different sampling methods: An Italian multicenter study. Int. J. Environ. Res. Public Health 2017, 14, 670. [Google Scholar] [CrossRef]

	



Wei, J.; Li, Y. Airborne spread of infectious agents in the indoor environment. Am. J. Infect. Control 2016, 44, S102–S108. [Google Scholar] [CrossRef]

	



Srikanth, P.; Sudharsanam, S.; Steinberg, R. Bio-aerosols in indoor environment: Composition, health effects and analysis. Indian J. Med. Microbiol. 2008, 26, 302–312. [Google Scholar] [CrossRef] [PubMed]

	



Chang, C.W.; Chou, F.C. Methodologies for quantifying culturable, viable, and total Legionella pneumophila in indoor air. Indoor Air 2011, 21, 291–299. [Google Scholar] [CrossRef] [PubMed]

	



Ghosh, B.; Lal, H.; Srivastava, A. Review of bioaerosols in indoor environment with special reference to sampling, analysis and control mechanisms. Environ. Int. 2015, 85, 254–272. [Google Scholar] [CrossRef] [PubMed]

	



Walser, S.M.; Gerstner, D.G.; Brenner, B.; Bünger, J.; Eikmann, T.; Janssen, B.; Kolb, S.; Kolk, A.; Nowak, D.; Raulf, M.; et al. Evaluation of exposure-response relationships for health effects of microbial bioaerosols—A systematic review. Int. J. Hyg. Environ. Health 2015, 218, 577–589. [Google Scholar] [CrossRef]

	



Chang, C.W.; Hung, P.Y. Methods for Detection and Quantification of Airborne Legionellae Around Cooling Towers. Aerosol Sci. Technol. 2012, 46, 369–379. [Google Scholar] [CrossRef]

	



Nguyen, T.M.; Ilef, D.; Jarraud, S.; Rouil, L.; Campese, C.; Che, D.; Haeghebaert, S.; Ganiayre, F.; Marcel, F.; Etienne, J.; et al. A community-wide outbreak of legionnaires disease linked to industrial cooling towers—How far can contaminated aerosols spread? J. Infect. Dis. 2006, 193, 102–111. [Google Scholar] [CrossRef]

	



Pasquarella, C.; Albertini, R.; Dall’Aglio, P.; Saccani, E.; Sansebastiano, G.E.; Signorelli, C. Air microbial sampling: The state of the art. Ig. Sanità Pubblica 2008, 64, 79–120. [Google Scholar]

	



An, H.R.; Mainelis, G.; Yao, M. Evaluation of a high-volume portable bioaerosol sampler in laboratory and field environments. Indoor Air. 2004, 14, 385–393. [Google Scholar] [CrossRef]

	



Gleason, J.A.; Kratz, N.R.; Greeley, R.D.; Fagliano, J.A. Under the Weather: Legionellosis and Meteorological Factors. Ecohealth 2016, 13, 293–302. [Google Scholar] [CrossRef] [PubMed]

	



Laganà, P.; Caruso, G.; Piccione, D.; Gioffrè, M.E.; Pino, R.; Delia, S. Legionella spp. amoebae and not-fermenting Gram negative bacteria in an Italian university hospital water system. Ann. Agric. Environ. Med. 2014, 21, 489–493. [Google Scholar] [CrossRef] [PubMed]

	



Conza, L.; Pagani, S.C.; Gaia, V. Presence of Legionella and free-living Amoebae in composts and bioaerosols from composting facilities. PLoS ONE 2013, 8, e68244. [Google Scholar] [CrossRef] [PubMed]

	



Alum, A.; Isaacs, G.Z. Aerobiology of the built environment: Synergy between Legionella and fungi. Am. J. Infect. Control 2016, 44, S138–S143. [Google Scholar] [CrossRef] [PubMed]

	



Griffith, M.E.; Lindquist, D.S.; Benson, R.F.; Thacker, W.L.; Brenner, D.J.; Wilkinson, H.W. First isolation of Legionella gormanii from human disease. J. Clin. Microbiol. 1988, 26, 380–381. [Google Scholar] [CrossRef] [PubMed]

	



Greenberg, D.; Chiou, C.C.; Famigilleti, R.; Lee, T.C.; Yu, V.L. Problem pathogens: Paediatric legionellosis—Implications for improved diagnosis. Lancet Infect. Dis. 2006, 6, 529–535. [Google Scholar] [CrossRef]

	



Lei, C.; Zhou, X.; Ding, S.; Xu, Y.; Yang, B.; Guo, W.; Song, M.; Yang, M.; Jia, Y.; Luo, H. Case Report: Community-Acquired Legionella gormanii Pneumonia in an Immunocompetent Patient Detected by Metagenomic Next-Generation Sequencing. Front. Med. 2022, 9, 819425. [Google Scholar] [CrossRef]

	



Kanatani, J.I.; Watahiki, M.; Kimata, K.; Kato, T.; Uchida, K.; Kura, F.; Amemura-Maekawa, J.; Isobe, J. Detection of Legionella species, the influence of precipitation on the amount of Legionella DNA, and bacterial microbiome in aerosols from outdoor sites near asphalt roads in Toyama Prefecture, Japan. BMC Microbiol. 2021, 21, 215. [Google Scholar] [CrossRef]

	



Gadsby, N.J.; Helgason, K.O.; Dickson, E.M.; Mills, J.M.; Lindsay, D.S.; Edwards, G.F.; Hanson, M.F.; Templeton, K.E.; ESCMID Study Group for Molecular Diagnostics; ESCMID Study Group for Legionella Infections, Basel, Switzerland. Molecular diagnosis of Legionella infections—Clinical utility of front-line screening as part of a pneumonia diagnostic algorithm. J. Infect. 2016, 72, 161–170. [Google Scholar] [CrossRef]

	



Water Management Society Working Party. Managing the Risk of Legionnaires’ Disease in Vehicle Wash Systems. 2008. Available online: http://www.wmsoc.org.uk/publications/59/ (accessed on 10 April 2023).

	



McGarry, P.; Bentham, R.; Warnecke, M.; ACWA. Control of Legionella for the Car Wash Industry. 2008. Available online: http://www.whtlimited.com/doc/lib/193/car-wash-gudance-australia.pdf (accessed on 10 April 2023).

	



Public Health and Wellbeing Act. 2008. Available online: http://www.legislation.vic.gov.au/domino/Web_Notes/LDMS/LTObject_Store/ltobjst9.nsf/DDE300B846EED9C7-CA257616000A3571/DD01154FAFD12B9BCA257FA4001F5746/$FILE/08-46aa030%20authorised.pdf (accessed on 20 April 2023).

	



Public Health and Wellbeing Regulations. 2009. Available online: http://www.legislation.vic.gov.au/domino/Web_Notes/LDMS/LTObject_Store/ltobjst9.nsf/DDE300B846EED9C7-CA257616000A3571/D8CD9CCEC4925668CA257FD3007BFC5E/$FILE/09-178sra013%20authorised.pdf (accessed on 1 May 2023).

	



De Giglio, O.; Diella, G.; Trerotoli, P.; Consonni, M.; Palermo, R.; Tesauro, M.; Laganà, P.; Serio, G.; Montagna, M.T. Legionella Detection in Water Networks as per ISO 11731:2017: Can Different Filter Pore Sizes and Direct Placement on Culture Media Influence Laboratory Results? Int. J. Environ. Res. Public Health 2020, 17, 2077. [Google Scholar] [CrossRef]

	



Filice, S.; Sciuto, E.L.; Scalese, S.; Faro, G.; Libertino, S.; Corso, D.; Timpanaro, R.M.; Laganà, P.; Coniglio, M.A. Innovative antibiofilm smart surface against Legionella for water systems. Microorganisms 2022, 10, 870. [Google Scholar] [CrossRef] [PubMed]








 





Table 1. Distribution of water and aerosol samples collected from car wash facilities vs. sampling day; positivity (%) and serogroups identified. CFUs/L and CFUs/m3 min/max were also reported.
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Sampling

Days

	
Total Number

of Samples (n)

	
Positive Samples (n; % POS)

	
Legionella

Serogroups (n)

	
CFUs/L

(Min–Max)




	
Water




	
Monday

	
30

	
6 (20)

	
L. pneumophila 1 (1)

L. pneumophila 10 (3)

L. gormanii (2)

	
100

200–1000

200–800




	
Thursday

	
30

	
1 (3.3)

	
L. pneumophila 7 (1)

	
500




	
Total

	
60

	
7 (11.7)

	

	




	
Sampling

Days

	
Total Number

of Samples (n)

	
Positive Samples (n; % POS)

	
Legionella

Serogroups (n)

	
CFUs/m3

(Min–Max)




	
Aerosol




	
Monday

	
30

	
3 (10)

	
L. pneumophila 10 (2)

L. gormanii (1)

	
50–150
