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Abstract: Thermal facilities comprise a wide spectrum of recreational and therapeutic activities with
the number of customers increasing over time despite the break that occurred during the first phases
of the COVID-19 pandemic. In order to evaluate the potential role played by this setting in the risk of
contracting legionellosis, we conducted a cross-sectional study to evaluate the presence of Legionella
spp. in some Italian thermal facilities. Specifically, we retrospectively analyzed the results of a 16-year
surveillance carried out before the COVID-19 pandemic. Of 409 samples, 70 (17.1%) were positive
with Legionella spp. but there was an overall decrease over time. L. pneumophila 2–14 were by far the
most common detected serotypes, while L. pneumophila 1 accounted for only 8.8%. Of all the different
kind of samples, swabs and municipal water samples were the most contaminated. Moreover, in
the positive samples, bacterial load was often at intermediate values. In only a small percentage of
samples was load high and, in this case, L. pneumophila 1 was often the most common strain. Our
results show the importance of a continuous monitoring of Legionella risk in these settings, even more
so now after the COVID-19 pandemic and the prolonged break in activities. Water is the natural
environment of Legionella spp. and environment in general plays a crucial role in the transmission of
these bacteria; therefore, it would be useful to frame this infection in a “One Health” key.

Keywords: Legionella; thermal facilities; surveillance

1. Introduction

Legionellosis is caused by inhalation of aerosolized water particles contaminated by
waterborne microorganisms belonging to the genus Legionella [1]. This genus is widely
distributed in both natural (i.e., rivers, lakes, groundwater, thermal waters) and artifi-
cial aquatic environments, such as waterworks of hospitals [2–9], accommodation facil-
ities and private houses [10–14], cooling towers and air conditioners [15], and dental
units [16–20]. Theoretically, any water system containing and storing non-sterile water that
can be aerosolized is a potential source of Legionella spp.

As water is the natural environment of Legionella spp., and environment in general
plays a crucial role in the transmission of these bacteria, it would be necessary to frame this
infection in a “One Health” key. “One Health” is a relatively new term, used, according
to the World Health Organization (WHO), to indicate “an approach to designing and
implementing programs, policies, legislation and research in which multiple sectors com-
municate and work together to achieve better public health outcomes” [21]. For this reason,
a continuous monitoring of the environment is crucial in the infection control. In fact,
legionellosis surveillance and containment are current public health targets worldwide,
even if the regulatory legislation differs from country to country, despite the presence
of common principles such as monitoring critical spots, avoiding water stagnation, and
maintaining some water temperature (above 60 ◦C, below 25 ◦C) [22].
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In 2020, according to the European Centre for Disease Control and Prevention (ECDC),
8372 cases of legionellosis were reported in Europe, of which 7712 (92%) were confirmed [23].
In the same year, according to the last report of the National Higher Health Institute (in
Italian ISS), 2074 cases were reported in Italy with a notification rate of 3.8 per 100,000 in-
habitants. The incidence of legionellosis was 34.8 cases per million inhabitants with a
remarkable decrease compared to the last year (53.0/1,000,000) due to the COVID-19 pan-
demic [1]. The majority of outbreaks described worldwide are caused by L. pneumophila, in
particular serogroup 1, which makes it, therefore, the most common pathogen species for
humans; however, other serogroups and species were also associated to human disease,
such as L. micdadei, L. dumoffii, and L. longbeachae [24].

Recreational waters can be an important potential route of exposure to legionellosis,
especially hot water pools associated with hydromassage systems. According to a recent
review analyzing 136 legionellosis outbreaks from 2006 to 2017, of 4367 total confirmed
cases with 251 total deaths, 14% of them recognized in recreational waters (pools or spas)
an ascertained or suspected source [25]. The role played by this transmission route has
acquired even more importance considering the growing attractiveness of private/public
recreational facilities and the more and more increasing number of people attending them.

The thermal/mineral springs industry includes a wide variety of different types of
facilities, some recreational (e.g., thermal water swimming pools and waterparks), some
medical or therapeutic (e.g., many sanatoria in Europe), and some focus on wellness-
enhancing experiences (e.g., onsen, thermal springs spas). Many thermal/mineral springs
facilities include multiple categories. Thermal therapy comprises a wide spectrum of
therapeutic activities including hydrotherapy, balneotherapy, mud-pack therapy, mud-bath
therapy, massage, hot showers, supervised water exercises, and inhalatory treatments in spa
resorts, which can represent a valid support to pharmacological and/or physiotherapeutic
therapies, with positive results on acute and chronic pain, drug use, and patients’ general
well-being [26,27]. It can be considered a cost-saving measure in the management of several
chronic inflammatory conditions such as rheumatic and respiratory diseases [28–32]. It
is estimated that, worldwide, there are about 34,057 thermal/mineral springs facilities
operating in 127 countries with a business of $56.2 billion of revenues in 2017, and about
1.8 million workers. The thermal/mineral springs industry is present especially in Asia-
Pacific and Europe, together accounting for 95% of industry revenues and 94% of facilities.
In Italy, there are 768 thermal/mineral springs facilities with a business of $1718.3 million
of revenues in 2017 [33]. In 2014, the number of customers of thermal facilities amounted
to 2 million 791 thousand and their average age was further reduced: the proportion of the
elderly has fallen to 47%, while the proportion of children up to 17 years of age has risen
to 10% and to 43% for adults from 18 to 64 years. With an proportion of 55% of the total,
women continue to represent the most significant component of customers [34].

Inside the thermal facilities, the presence of a hot-humid environment favors the
growth and spread of microorganisms that have, in such ecosystem, a habitat promoting
its colonization [35,36]. Among these microorganisms, Legionella spp. is one of the most
common isolated due to its strictly aquatic life cycle, so it is important to put particular
attention to this setting through the adoption of control and preventive measures to reduce
its spread and, therefore, the risk for customers’ and workers’ health.

The purpose of this research was to analyze the trend of a 16-year surveillance on
the presence of Legionella spp. in some Italian thermal/mineral spring facilities in order
to evaluate the potential role played by this source in the risk of contracting legionellosis,
both for customers and workers.

2. Materials and Methods

This research was carried out by the Regional Reference Laboratory of Clinical and
Environmental Surveillance of Legionellosis, section of Messina (Italy), located inside the
University Hospital “G. Martino” of Messina, Sicily. Our interest in Legionella started in
1988. At first, it was addressed only to research activities aimed at detecting Legionella spp.
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in small hospitals, care homes, and other types of structures located in the Messina territory.
Since 2004, we have begun to carry out a continuous surveillance at the University Hospital
and in 2012, the laboratory was turned into a reference laboratory.

Sicily is a land with a very ancient thermal tradition and, with over 60 thermal springs,
rightly represents one of the most important thermal regions in Europe. Unfortunately,
despite such a wide hydrological richness, Sicily has just eight operative and efficient
thermal/mineral springs facilities and only few types of recognized mineral waters. Of all
the working facilities, three are located in the Messina provincial territory (Figure 1) [37].
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This paper shows the results of a 16-year surveillance carried out by our laboratory
from 2004 to 2019 in samples collected in some of the Sicilian thermal facilities to evaluate
the presence of Legionella spp. in different kind of samples. In particular, we collected
samples of supplied municipal water, thermal water, swabs swiped on various surfaces
in contact with both customers and workers, and, finally, vapors and air/gas mixture.
Specifically, four (50%) of the eight working regional thermal facilities were analyzed. All
the structures have similar features, being quite old facilities composed of different settings
used both for therapy and recreational activities. Moreover, all the studied structures have
included hotel facilities to host customers. After 2019, the surveillance was stopped due
to the COVID-19 pandemic that caused the total closure of the facilities starting from the
begin of 2020 for the general lockdown that was established in Italy.

2.1. Sampling

All the samples were collected at the start of daily activities in accordance with the
2000 [38], and revised 2015 [39], Italian Guidelines for the Prevention and Control of Le-
gionellosis, and were brought to the laboratory as soon as possible and presently processed.
In particular, samples of municipal water were collected from taps and showers of living
and therapy rooms (mud therapy and pulmonary ventilation rooms), hot and cold water
collection tanks, wells, boilers, autoclaves, and entry points of supplied municipal water.
For the collection, 1-L sterile glass bottles with 1% sodium thiosulfate to neutralize the
presence of chlorine were used. In all the sampled points, water was collected immedi-
ately after the opening of the tap without disinfecting or heating the exit point. Moreover,
temperature was measured with a precision thermometer (Temp-16 RTD Thermometer,
Thermo Fisher Scientific, USA) immersed in the flow of running water. Thermal water
samples were collected both directly from the source and from taps, showers and tanks of
therapy rooms. Swabs were obtained by rubbing on taps, showers, whirlpool tubs, and
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aerosol equipment of living and therapy rooms (mud therapy and pulmonary ventilation
rooms). Vapors and air/gas mixture were collected form aerosol equipment of therapy
rooms using the air sampler Surface Air System 100 (PBI, Milano, Italy).

2.2. Isolation and Serological Identification of Legionella

From water samples, the standard procedures reported by the 2000 Italian Guide-
lines [38] were adopted; from May 2015 to 2019, the revised 2015 Italian Guidelines [39]
were used. In these years, in accordance with the guidelines, 1-L water samples were
concentrated to 10 mL through 0.2-µm porosity membrane filters and incubated at 50◦ C
for 30 min in a thermostatic bath. Concentrated and non-concentrated samples were spread
in duplicate on plates of Buffered Charcoal-Yeast Extract Agar Base Medium (BCYE Agar,
Thermo Fisher Scientific, USA) and incubated for 10 days at 36–37 ◦C in a moist chamber
with 2.5% CO2. The suspected colonies were isolated and confirmed as Legionella spp. after
screening their inability to grow on a culture medium without cysteine. Legionella counts
were reported in colony forming units/liter (CFUs/L) according to the number of colonies
per plate and to the dilutions performed on the original sample. A latex micro-agglutination
test kit with polyvalent antisera (Thermo Fisher Scientific, USA) was used to identify the
isolates assumed to belong to Legionella spp. For serological identification also “Legionella
pneumophila monovalent antisera set 1 and 2” and Legionella antisera for several non-L.
pneumophila spp. as L. bozemanii, dumoffii, gormanii, micdadei, etc. (Denka Seiken Co., Ltd.,
Tokyo, Japan) were used.

Concerning the bacterial load, we divided the isolates into four groups according
to the latest national guidelines (point 3.4: “Risk Assessment and Management in the
healthcare facilities”) [39]:

1. <100 CFUs/L;
2. 101–1000 CFUs/L;
3. 1001–10,000 CFUs/L;
4. 10,001–100,000 CFUs/L.

2.3. Statistical Analysis

All the obtained data were collected and analyzed with Prism 4.0 software. Descrip-
tive statistics were used to find percentages and mean values. The comparison between
the groups under study were carried out through correlation tests and chi-square test.
Significance was assessed at the p < 0.05 level.

3. Results

From 2004 to 2019, we collected 409 samples of which 123 (30.1%) swabs, 114 (27.9%)
samples of municipal water, 77 (18.8%) of thermal water, 65 (15.9%) of vapors, and 30 (7.3%)
of air/gas mixture. Concerning the different settings of the surveilled facilities, 67.5% of
the samples were collected in therapy rooms (mud therapy rooms, inhalation rooms, and
pulmonary ventilation rooms), 25.2% were collected from water storages (tanks and boilers)
and 7.3% were collected from customer living rooms.

Legionella spp. positive samples was 70 (17.1%), of which 37 (52.8%) were swabs, 17
(24.3%) municipal water samples, 13 (18.6%) thermal water samples, and 3 (4.3%) vapor
samples. No air/gas mixture samples were positive to Legionella spp. Table 1 shows the
absolute numbers of collected and positive samples with positivity percentage per each
year of the surveillance, while Figure 2 shows the graphical representation of the annual
temporal trend of the detected Legionella spp. percentage positivity.
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Table 1. Absolute numbers of collected and positive samples with positivity percentage per year of
surveillance.

Year Collected Samples Positive Samples %

2004 26 4 15.4

2005 33 15 45.5

2006 26 2 7.7

2007 24 3 12.5

2008 51 19 37.3

2009 26 0 0.0

2010 45 11 24.4

2011 32 0 0.0

2012 33 6 18.2

2013 11 1 9.1

2014 53 4 7.5

2015 10 0 0.0

2016 10 0 0.0

2017 10 2 20.0

2018 11 2 18.2

2019 8 1 12.5

TOT 409 70 17.1

Water 2023, 15, x FOR PEER REVIEW 5 of 12 
 

 

year of the surveillance, while Figure 2 shows the graphical representation of the annual 
temporal trend of the detected Legionella spp. percentage positivity. 

Table 1. Absolute numbers of collected and positive samples with positivity percentage per year of 
surveillance. 

Year Collected Samples Positive Samples % 
2004 26 4 15.4 
2005 33 15 45.5 
2006 26 2 7.7 
2007 24 3 12.5 
2008 51 19 37.3 
2009 26 0 0.0 
2010 45 11 24.4 
2011 32 0 0.0 
2012 33 6 18.2 
2013 11 1 9.1 
2014 53 4 7.5 
2015 10 0 0.0 
2016 10 0 0.0 
2017 10 2 20.0 
2018 11 2 18.2 
2019 8 1 12.5 
TOT 409 70 17.1 

 
Figure 2. Annual temporal trend of Legionella spp. positivity detected on the collected samples. 

The figure shows a very up and down trend with peaks and troughs throughout the 
surveillance period. Nevertheless, an overall reduction in the positivity was found during 
the whole surveillance period, even during the recent peaks. Specifically, a statistically 
significant difference was found between the first half of the surveillance period (2004–
2011) and the second half (2012–2019) with positivity percentage of 21.0% and 10.0%, re-
spectively (χ = 4.6192, p = 0.031616). However, a certain increase was found after 2016 with 
a partial reduction in the last two years of surveillance. In Table 2, the absolute numbers 
and the positivity percentage of the different kind of samples divided for the places where 
the same were collected are shown. 
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The figure shows a very up and down trend with peaks and troughs throughout the
surveillance period. Nevertheless, an overall reduction in the positivity was found during
the whole surveillance period, even during the recent peaks. Specifically, a statistically
significant difference was found between the first half of the surveillance period (2004–2011)
and the second half (2012–2019) with positivity percentage of 21.0% and 10.0%, respectively
(χ = 4.6192, p = 0.031616). However, a certain increase was found after 2016 with a partial
reduction in the last two years of surveillance. In Table 2, the absolute numbers and the
positivity percentage of the different kind of samples divided for the places where the same
were collected are shown.
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Table 2. Absolute numbers and percentage of positivity found in the different sample typology and
collection sites.

SWABS 37 (52.8%)

Showers and bathtubs of mud therapy rooms 22 (60%)
Showers and taps of aerosol and inhalation
rooms 15 (40%)

MUNICIPAL WATER SAMPLES 17 (24.3%)

Collection tanks and boilers 7 (41.2%)
Showers and bathtubs of mud therapy rooms 5 (29.4%)
Taps and showers of customers living rooms 3 (17.6%)
Taps of pulmonary ventilation rooms 2 (11.8%)

THERMAL WATERS SAMPLES 13 (18.6%)

Collection tanks 9 (66.6%)
Showers and bathtubs of mud therapy rooms 2 (16.8%)
Taps of pulmonary ventilation rooms 1 (8.3%)
Taps and showers of customers living rooms 1 (8.3%)

VAPOUR SAMPLES 3 (4.3%)

Nebulization equipment 3 (100%)

The table shows that positive samples were found in many different sections of the
facilities. Specifically, of all the 70 positive samples, 71.4% were collected from therapy
rooms, 22.9% from water storages, and 5.7% from customer living rooms. Considering that
a positivity detected in therapy rooms could be a high risk for customers’ health and play a
higher role in the disease transmission compared to other types of settings, we considered
two groups according to this different risk class and we evaluated the difference between
them. From the statistical analysis, a highly statistically significant difference was found
(χ = 35.28; p < 0.00001). Concerning, individually, the different settings, 18.5% of all the
samples collected from therapy rooms, 14.6% of those collected from water storages, and
10% of those collected from customers living rooms were positive, without any statistically
significant difference among them.

By dividing for typology of samples, concerning swabs, the highest positivity rate was
found in those collected from showers and bathtubs of mud therapy rooms and showers
and taps of aerosol and inhalation rooms, while considering municipal water, the highest
positivity was detected on collection tanks and boilers followed by showers and bathtubs
of mud therapy rooms. Moreover, for thermal water samples, the main source of positive
samples were collection tanks.

Regarding the isolated strains, L. pneumophila serogroup 1 accounted for only 8.8%, L.
pneumophila serogroup 2–14 for 76.8%, and non-L. pneumophila spp. for 17.7%. The total
sum is not equal to 100 because 3.3% of the positive samples represented more serogroups
at the same time. Specifically, 2.7% was positive for both L. pneumophila serogroup 2–14
and non-L. pneumophila spp. while 0.6% for L. pneumophila serogroup 1 and L. pneumophila
serogroup 2–14.

Finally, Table 3 shows the percentages of the Legionella species and serogroups detection
in the different typologies of collected samples, while Figure 3 shows the found bacterial
loads.

From the table and figure, it is clear that L. pneumophila sgrs 2–14 was by far the most fre-
quently detected bacteria, found especially in swabs and municipal water samples. For the
most part, these bacteria were detected with intermediate loads (100–1000 CFUs/L). Bacte-
ria not belonging to the species L. pneumophila accounted for just under one fifth, for the most
part with intermediate loads and, for just over 20%, with high loads (1000–10,000 CFUs/L).
L. pneumophila 1 accounted for less than 10% of the detected species but, for almost 30%, it
was detected with high loads, higher than 1000 CFUs/L. Moreover, it was detected for the
most part in thermal water samples compared to the other samples.
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Table 3. Percentage of the different Legionella serogroups detected in various typologies of collected
samples.

L. pneumophila
sgr 1

L. pneumophila sgrs
2–14 Non-L. pneumophila

Swabs 8.1% 89.2% 16.2%
Municipal water

samples 11.8% 82.3% 5.9%

Thermal water
samples 15.4% 69.2% 15.4%

Vapour samples 0 66.6% 33.3%

Average value 8.8% 76.8% 17.7%
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4. Discussion

Thermal facilities represent an important economic resource and a pole of attraction
both for well-being and for fun. These facilities are often structures capable of providing
health services from which a large number of users/customers take advantage, including
“vulnerable” people who that can be at risk of infectious complications (i.e., the elderly,
people affected by COPD, immunocompromised people). However, these structures are
not always subjected to careful surveillance concerning the presence of Legionella spp. The
European Directive 80/777/EEC, from which derives the Italian Legislative Decree n. 105
of 25 January 1992 on the use and marketing of natural mineral waters, explicitly excludes
that thermal waters are subjected to the same legislation [40]. To date, Italian legislation
does not specify the sampling and microbiological checks to be carried out on mineral
waters used for curative purposes by spas. However, as specified by Legislative Decree
No. 393 of 4 August 1999, the spring water used by spas cannot be subjected to purification
treatments nor to the addition of bactericidal/bacteriostatic substances or to any other
treatment able to modify its microbial content [41]. While in the previous 2000 Italian
guidelines concerning the prevention and control of legionellosis, it was specified that,
since thermal waters cannot be treated, other measures can be implemented (e.g., adequate
plant design), avoiding the use of material and of components that can favor the growth
of Legionella spp. or the slowing down of the flow water [38], the last 2015 guidelines,
at point 3.3, specify that it is possible to perform operations similar to those foreseen on
normal sanitary networks, including disinfection with chemical or physical means, trying to
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safeguard the characteristics of thermal waters [39]. Moreover, the guidelines for managers
of tourist accommodation facilities and spas show the risk prevention and control measures
for Legionella spp. exposure, recommending a monitoring of the facilities every 6 months,
after each period of closure of the structure and before the restart of activities, with the
indication of remediation interventions in case of bacterial loads >100 CFUs/L [42]. These
aspects highlight the complexity of the issue. Indeed, if on one hand it is necessary to
maintain the naturalness of the water, on the other hand, is equally important to guarantee
its healthiness.

Recently, the Italian Higher Health Institute (ISS), issued some documents containing
specific recommendations about the prevention, control, and management of Legionella
risk in different water systems in the light of the COVID-19 emergency. In particular,
these documents involved all the tourist-accommodation facilities and the dental units.
Indeed, due to the lockdown characterizing this period, the occasional use and the possible
stagnation of water could represent a serious risk for the transmission of the disease [43,44].

Following to these considerations, it appears extremely important to monitor, over
time, the health of the water supplied and the risk of legionellosis transmission represented
by these methods. In Europe and in Italy, the number of reported cases of legionellosis has
increased steadily over the years, even due to the numerous receptive structures (hotels,
spas, etc.) present in the territory [45]. Very little is known about the actual role played by
the thermal/mineral springs facilities.

A recent systematic review [46] included the most significant research papers focused
on this topic. The analysis covered a very long period (1980–2015) and showed that in this
period, the reported events of legionellosis from recreational water involved 10 countries,
with the highest number of events (18) and cases (385) in Japan, where attending hot
spring spas and public baths is a long tradition and a very widespread habit and water
temperature is higher than that used in Europe [47]. The paper included events of both
Pontiac fever and legionnaires’ disease occurred in different water settings, among which
nine outbreaks (56.2% of all the events) of legionnaires’ disease were reported from hot
springs/thermal spas. In these contexts, environmental analysis showed the presence
of different serogroups of L. pneumophila (1,2,3,6,9,13) and other species (L. dumoffii, L.
londiniensis) at very high load (from 1,600,000 to 15,000,000 CFU/L).

In our study, of 409 collected samples, the percentage of those positive to Legionella
spp. was 17.1%, a relative low rate considering the total number of samples and the
long period of surveillance. The majority of positive samples were swabs rubbed on taps,
showers, and bathtubs of some therapy rooms (mud therapy and inhalation), municipal
water samples, and, to a lesser extent, thermal water samples. For these kinds of samples,
tanks in particular were the principal sources of Legionella spp. Concerning the species,
the majority of those detected were L. pneumophila sgrs 2–14, while L. pneumophila sgr 1
accounted only for less than 10%. However, the recorded bacterial load was rather low,
in the majority of cases not exceeding the 1000 CFUs/L. Only in a small percentage and
for all three searched Legionella types, the load was >1000. Moreover, the positivity trend
had a non-linear tendency, with peaks and valleys, probably due to the measures that
were put in place following our reports, and, in any case, there were a general tendency to
the decrease in the rate of positivity over time. In addition, we found an important and
statistically significant difference between the first 8 years of surveillance and the second
ones. Therefore, we can probably assume that an increase in knowledge and awareness of
risks associated with recreational water occurred in recent years, leading to an improvement
in the management and control measures of this kind of setting. This assumption could
have different explanations, among which our constant surveillance over time could have
played an important role in increasing this awareness. Moreover, this finding could also be
explained by the issuing, in 2006, of the WHO international guidelines on the control of
legionellosis in recreational facilities recommending the implementation of safety plans
and adequate control measures in pools and hot tubs [48]. These findings show the great
importance of a continuous surveillance system.
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An important difference was found, finally, between the positivity rate of samples
collected in therapies rooms and samples collected in other sources (water storages and
customers’ rooms). We assume that this is a critical point to emphasize, given that in
therapeutic activities, a concrete risk of becoming infected is present, especially for some
activities such as insufflations and aerosol therapy in which a direct entry of pathogens
in the airways can occur. However, the reduction in the positivity rate found during the
surveillance concerned all the settings and environments of the studied facilities.

The limited number of water samples which showed a critical concentration of Le-
gionella spp. show the effectiveness of control measures adopted in these kinds of facilities,
in line with the relative Italian guidelines [49]. Control measures are effective to generally
maintain contamination rates below 103 CFUs/L, values that are not indicative of a real
infective risk in exposed people. It is important to emphasize the very low presence or the
absence of Legionella in vapors and air/gas mixtures used for inhalation. This finding could
be explained by the particular chemical composition of the water used in such therapies,
which rich in sulfurs [10].

Therefore, our data showed that in the analyzed thermal/mineral springs facilities,
the Legionella colonization of the various sites and the subsequent risk for customers to
contract legionellosis is rather restrained. Nevertheless, the increasingly frequent use of
this type of care and the peculiarity of the customers that often suffer from chronic disease
promoting the risk to contract infections require a continuous and targeted surveillance.

A mention must be made regarding the COVID-19 pandemic and its impact on the
environment [50], human health, society, and habits [51]. Following this exceptional
situation that has modified many different aspects of human life, especially those linked to
recreational activities, thermal facilities remained close for a quite long period of time. This
situation caused all surveillance activities to cease. Currently, with the partial reduction in
the pandemic and the improvement of health conditions, these structures have restarted
their activity. This could be a risk because it is well known how the lack of use of water
causes water stagnation inside pipelines, which is one of the most critical factors favoring
the growth of Legionella spp. This aspect requires a deep and careful evaluation of the risk.

5. Conclusions

A significant increase in visiting thermal facilities and spas both for health and recre-
ational purposes occurred in recent times for many reasons. However, these facilities can
represent a risk for contracting legionellosis due to all the activities using water that occur
inside them. For this reason, a continuous surveillance with the evaluation of Legionella
spp. presence in pipelines is an essential step in order to reduce water contamination and
risk for customers. Moreover, other control measures such as disinfection or thermal shock
should be performed, even in the presence of low levels of contamination. Actions against
biofilm formation is also essential and, in this view, the use of innovative systems could be
very helpful [52]. Finally, more and more improvement of laboratory detection could make
the difference as much as innovative and effective treatments [53]. This is important not
only for healthcare settings, where people are more susceptible to contract infections, but
also for thermal facilities that provide therapies and recreational activities to people often
with more or less critical health conditions.
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