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Legionella pneumophila is a microorganism that is able to contaminate the freshwater
environment and, consequently, human-made water systems. Its pathogenicity is related
to the host’s ability to exhibit pathogenic factors that influence the intracellular growth of
L. pneumophila in macrophages as well as in protozoa, which is also mediated by biofilm
production [1,2]. Legionellosis outbreaks are mainly related to the presence of biofilms,
which can be prevented by reducing water system contamination [3]. Currently, consider-
ing that legionellosis is more commonly associated with the presence of other Legionella
species inside the water supply system, the opportunity to seek out these others as well
as L. pneumophila is considered relevant. The main focus of this Special Issue is analyzing
epidemiological data, mechanisms and host factors involved in Legionnaires” disease and
expanding information on the mechanisms of biofilm formation and concerning the activity
of old and new anti-biofilm products, as well as the implications for co-infection.

As an innovative system for avoiding Legionella biofilm formation in water systems, a
type of coating based on the use of a sulfonated pentablock copolymer (s-PBC, commercially
named Nexar™) covered with a more hydrophilic s-PBC, an acid, and a negatively charged
surface (Nexar™-modified) is proposed. The Nexar™-modified system’s effect caused
by the acid and the negative surface of s-PBC is able to preclude both bacteria adhesion
to the filter and its proliferation via the acidification of water strictly in contact with the
filter surface. In fact, the polymer was shown to be able to block Legionella on the filter
surface and prevent the bacteria from persisting in water, leading to microbial physiological
inhibition, and thus it can be used to reduce planktonic and sessile (biofilm) Legionella
cells [4-8].

Biofilm production is also observed in L. pneumophila sgr 2-15 strains, which are
particularly resistant to water disinfection processes, meaning that they are difficult to
eradicate from the environment as well from hospital water supplies. Their presence
and the increase in Legionella infections are associated with other Legionella species such as
L. anisa, indicating the role of monitoring and surveillance in preventing Legionella spp.
infections, particularly emphasizing the importance of checking the conditions of hospital
facilities, to enable efficient prevention [9-11].

Legionella present in biofilms and sediment may be mobilized by boiler flushing, water
demand (informally called stagnation), as well as by the temperature and flow, considered
as other Legionella spp. growth factors [12-14].

Microorganisms 2023, 11, 2392. https:/ /doi.org/10.3390/microorganisms11102392

https://www.mdpi.com/journal /microorganisms


https://doi.org/10.3390/microorganisms11102392
https://doi.org/10.3390/microorganisms11102392
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/microorganisms
https://www.mdpi.com
https://orcid.org/0000-0002-9140-3854
https://doi.org/10.3390/microorganisms11102392
https://www.mdpi.com/journal/microorganisms
https://www.mdpi.com/article/10.3390/microorganisms11102392?type=check_update&version=1

Microorganisms 2023, 11, 2392

2o0f4

At present, different factors have been associated with a variable increase in Legionella spp.
response due to building occupancy patterns and flushing [15]. Legionella increases were also
confirmed to be related to flow rate and a reduction in boiler temperature.

Reduced water demand associated with low building occupancy does not always
cause Legionella growth, even when the building has been colonized by Legionella previ-
ously; however, some flushing practices may temporarily increase Legionella occurrence. It
has been hypothesized that rapid boiler turnover, high shear sloughing of biofilms asso-
ciated with flushing, using many outlets simultaneously, and rapid nutrient influx could
contribute to increased Legionella occurrence.

Another factor influencing the increase in Legionella spp. is the hydraulic retention
time (water age) in building water systems, namely the water age of the distribution
system, through the local plumbing as well as building management [16,17]. This increase
has been associated with the presence of the five most frequent Legionella species in the
groundwater system, as well in taps and cooling towers. Legionella spp. were found in
100% of water samples; more specifically, L.pneumophila was found in 57% of the water
samples, followed by L. bozemanii, L. longbeachae, L. micdadei, and L. anisa [18]. In addition,
in whole water supply systems, it is important to consider other relevant species and
subsequently to control the growth of the five most pathogenic Legionella species in the
built water environment.

More and more frequently, Legionella has been identified in relevant sources extending
to environmental habitats that actually are not commonly linked to human disease [19].
The documentation of all possible reservoirs for Legionella spp. is considered relevant to
acquire data on the presence of Legionella in environments less often examined, mainly
to develop procedures to limit transmission and diffusion beyond cooling towers and
household plumbing.

It is widely accepted that the ability of L. pneumophila to thrive within the biofilm of
household plumbing systems is based on utilizing protozoan hosts for protection from
environmental stressors and to increase its growth rate and the bacteria’s infectivity into
human host cells. The genes that regulate protein secretion and ultimately the phylogenic
characteristics of effective replication inside and outside the host cells are used to model
the lifecycle of the bacteria. The information regarding L. pneumophila’s growth within
and without the host cell, related to the genes which influence these processes, which can
be used to compute how oxidative stress can downregulate those genes, is summarized
in [20].

The implications of Legionella in co-infection were especially on interest during the
COVID-19 pandemic period. The observations indicate that the occurrence of co-infections
of SARS-CoV-2 and Legionella may correspond to a comparatively rare but not irrelevant
case, outlined by a severe prognosis [21]. The risk of co-infection has been measured,
particularly focusing on risk factors, and two main outcomes—ICU admission and the case
fatality ratio (CFR)—have been noted [22].

In Italy, the prevalence of legionellosis is diverse and related to geographic variability.
The overall analysis of the causes and the report regarding the relative differences in
incidence between Italian regions emphasize that these differences cannot to be exclusively
attributed to the possible influence of environmental factors (demographic factors as
age and sex distribution of the population); instead, they may be related to climate and
demographics factors (i.e., age and sex distribution of the population), the choice of different
diagnostic tests (PCR, culture, or urine antigen test), the efficiency of the surveillance
systems, variations in climate, geographic risk factors, and notification rates, which are
higher in northern regions compared to the southern ones and the main islands [23]. In
regions with persistently low notification rates, ad hoc studies are recommended to assess
the reasons for underestimation.

In conclusion, this Special Issue combines manuscripts with exclusive purposes: to
evaluate the microbial factors of Legionella spp. implicated in pathogenesis through specific
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virulence factors such as biofilm formation, as well as to advise environmental surveillance
to reduce microorganism circulation.

Author Contributions: Data curation, T.F, M.P,, LA, M.R.T., O.D. and A.G.; writing—original draft
preparation, T.F, M.P. and A.G.; writing—review and editing, T.F. and A.G.; visualization, M.P;
supervision, A.G. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Mraz, A.L.; Weir, M.H. Knowledge to Predict Pathogens: Legionella pneumophila Lifecycle Critical Review Part I Uptake into
Host Cells. Water 2018, 10, 132. [CrossRef]

2. Harb, OS,; Gao, L.-Y.; Kwaik, Y.A. From Protozoa to Mammalian Cells: A New Paradigm in the Life Cycle of Intracellular
Bacterial Pathogens. Environ. Microbiol. 2000, 2, 251-265. [CrossRef]

3.  Leoni, E; De Luca, G.; Legnani, PP; Sacchetti, R.; Stampi, S.; Zanetti, F. Legionella waterline colonization: Detection of Legionella
species in the domestic, hotel and hospital hot water systems. J. Appl. Microbiol. 2005, 98, 373-379. [CrossRef]

4. Filice, S.; Sciuto, E.L.; Scalese, S.; Faro, G.; Libertino, S.; Corso, D.; Timpanaro, R.M.; Lagana, P.; Coniglio, M.A. Innovative
Antibiofilm Smart Surface against Legionella for Water Systems. Microorganisms 2022, 10, 870. [CrossRef]

5. Sciuto, E.L.; Lagana, 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. [CrossRef]

6. Herwaldt, L.A.; Marra, A.R. Legionella: A Reemerging Pathogen. Curr. Opin. Infect. Dis. 2018, 31, 325-333. [CrossRef]

7. Coniglio, M.A.; Ferrante, M.; Yassin, M.H. Preventing Healthcare-Associated Legionellosis: Results after 3 Years of Continuous
Disinfection of Hot Water with Monochloramine and an Effective Water Safety Plan. Int. |. Environ. Res. Public Health 2018,
15, 1594. [CrossRef]

8. Butler, C.S; Boltz, ].P. 3.6—Biofilm Processes and Control in Water and Wastewater Treatment. In Comprehensive Water Quality and
Purification; Ahuja, S., Ed.; Elsevier: Waltham, MA, USA, 2014; pp. 90-107; ISBN 978-0-12-382183-6.

9. Arrigo, I.; Galia, E.; Fasciana, T.; Diquattro, O.; Tricoli, M.R.; Serra, N.; Palermo, M.; Giammanco, A. Four-Year Environmental
Surveillance Program of Legionella spp. in One of Palermo’s Largest Hospitals. Microorganisms 2022, 10, 764. [CrossRef]

10. Fasciana, T.; Mascarella, C.; Distefano, S.A.; Cala, C.; Capra, G.; Rampulla, A.; Di Carlo, P; Palermo, M.; Giammanco, A. Cluster
of Legionnaires” Disease in an Italian Prison. Int. J. Environ. Res. Public Health 2019, 16, 2062. [CrossRef]

11. Muder, R.R;; Victor, L.Y. Infection due to Legionella species other than L. pneumophila. Clin. Infect. Dis. 2002, 35, 990-998.
[CrossRef]

12.  Volker, S.; Schreiber, C.; Kistemann, T. Modelling Characteristics to Predict Legionella Contamination Risk—Surveillance of
Drinking Water Plumbing Systems and Identification of Risk Areas. Int. |. Hyg. Environ. Health 2016, 219, 101-109. [CrossRef]

13. Bédard, E.; Fey, S.; Charron, D.; Lalancette, C.; Cantin, P; Dolcé, P; Laferriere, C.; Déziel, E.; Prévost, M. Temperature Diagnostic
to Identify High Risk Areas and Optimize Legionella Pneumophila Surveillance in Hot Water Distribution Systems. Water Res.
2015, 71, 244-256. [CrossRef]

14. Proctor, C.R.; Rhoads, WJ.; Keane, T.; Salehi, M.; Hamilton, K.; Pieper, KJ.; Cwiertny, D.M.; Prévost, M.; Whelton, A.J.
Considerations for Large Building Water Quality after Extended Stagnation. AWWA Water Sci. 2020, 2, e1186. [CrossRef]

15. Rhoads, W.J.; Sindelar, M.; Margot, C.; Graf, N.; Hammes, F. Variable Legionella Response to Building Occupancy Patterns and
Precautionary Flushing. Microorganisms 2022, 10, 555. [CrossRef]

16. Rhoads, W.],; Pruden, A.; Edwards, M.A. Survey of green building water systems reveals elevated water age and water quality
concerns. Environ. Sci. Water Res. Technol. 2016, 2, 164-173. [CrossRef]

17.  Llewellyn, A.C.; Lucas, C.E.; Roberts, S.E.; Brown, E.W.; Nayak, B.S.; Raphael, B.H.; Winchell, ]. M. Distribution of Legionella and
bacterial community composition among regionally diverse US cooling towers. PLoS ONE 2017, 12, e0189937. [CrossRef]

18. Logan-Jackson, A.R.; Rose, ].B. Water Age Effects on the Occurrence and Concentration of Legionella Species in the Distribution
System, Premise Plumbing, and the Cooling Towers. Microorganisms 2022, 10, 81. [CrossRef]

19. Schwake, D.O.; Alum, A.; Abbaszadegan, M. Legionella Occurrence beyond Cooling Towers and Premise Plumbing. Microorgan-
isms 2021, 9, 2543. [CrossRef]

20. Mraz, A.L.; Weir, M.H. Knowledge to Predict Pathogens: Legionella pneumophila Lifecycle Systematic Review Part II Growth
within and Egress from a Host Cell. Microorganisms 2022, 10, 141. [CrossRef]

21. Palazzolo, C.; Maffongelli, G.; D’Abrano, A.; Lepore, L.; Mariano, A.; Vulcano, A.; Ascoli Bartoli, T.; Bevilacqua, N.; Giancola,

M.L,; di Rosa, E.; et al. Legionella pneumonia: Increased risk after COVID-19 lockdown? Italy, May to June 2020. Eurosurveillance
2020, 25, 2001372. [CrossRef]


https://doi.org/10.3390/w10020132
https://doi.org/10.1046/j.1462-2920.2000.00112.x
https://doi.org/10.1111/j.1365-2672.2004.02458.x
https://doi.org/10.3390/microorganisms10050870
https://doi.org/10.3390/microorganisms9030577
https://doi.org/10.1097/QCO.0000000000000468
https://doi.org/10.3390/ijerph15081594
https://doi.org/10.3390/microorganisms10040764
https://doi.org/10.3390/ijerph16112062
https://doi.org/10.1086/342884
https://doi.org/10.1016/j.ijheh.2015.09.007
https://doi.org/10.1016/j.watres.2015.01.006
https://doi.org/10.1002/aws2.1186
https://doi.org/10.3390/microorganisms10030555
https://doi.org/10.1039/C5EW00221D
https://doi.org/10.1371/journal.pone.0189937
https://doi.org/10.3390/microorganisms10010081
https://doi.org/10.3390/microorganisms9122543
https://doi.org/10.3390/microorganisms10010141
https://doi.org/10.2807/1560-7917.ES.2020.25.30.2001372

Microorganisms 2023, 11, 2392 4 of 4

22.  Ricco, M,; Ferraro, P; Peruzzi, S.; Zaniboni, A.; Ranzieri, S. SARS-CoV-2-Legionella Co-Infections: A Systematic Review and
Meta-Analysis (2020-2021). Microorganisms 2022, 10, 499. [CrossRef] [PubMed]

23.  Ricco, M,; Peruzzi, S.; Ranzieri, S.; Giuri, P.G. Epidemiology of Legionnaires’ Disease in Italy, 2004-2019: A Summary of Available
Evidence. Microorganisms 2021, 9, 2180. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.3390/microorganisms10030499
https://www.ncbi.nlm.nih.gov/pubmed/35336074
https://doi.org/10.3390/microorganisms9112180
https://www.ncbi.nlm.nih.gov/pubmed/34835307

	References

