
Decontamination in Hospitals and Healthcare. https://doi.org/10.1016/B978-0-08-102565-9.00004-2
© 2020 Elsevier Ltd. All rights reserved.

4Control of Legionella in hospital 
potable water systems
J.L. Barona, L. Morrisa, J.E. Stouta,b

aSpecial Pathogens Laboratory, Pittsburgh, PA, United States, bDepartment of Civil and 
Environmental Engineering, University of Pittsburgh, Swanson School of Engineering, 
Pittsburgh, PA, United States

4.1  Introduction

The epidemiological link between the presence of Legionella pneumophila in the 
hospital drinking water and hospital-acquired legionellosis was first made in the 
early 1980s by Tobin and Stout [1, 2]. However, since then, many other species 
of Legionella have been found in drinking water including L. anisa, L. bozemanii, 
L. dumoffii, L. feeleii, and L. micdadei. The genus Legionella contains over 50 
distinct species, some with different serogroups, with approximately half of these 
species associated with human disease. While L. pneumophila, and more specifi-
cally L. pneumophila serogroup 1, causes the majority of cases of Legionnaires’ 
disease, these other species are also important clinically. In immunocompromised 
individuals, L. micdadei and L. longbeachae are particularly problematic [3, 4]. 
A nosocomial outbreak of L. micdadei in transplant patients was reported that 
was linked to the hospital’s water [5]. More cases of illness due to nonpneu-
mophila species, such as L. longbeachae, have been reported in Europe, partic-
ularly in Scotland, than elsewhere. In addition to drinking water, L. longbeachae 
can be found in soil and compost-derived products, especially in Australia and  
New Zealand. In 2013, L. longbeachae was reported to cause 51% of Legionnaires’ 
disease in New Zealand [6].

Numerous hospitals and long-term care facilities have reported outbreaks of 
healthcare- associated Legionnaires’ disease [7–11]. Transmission has been consis-
tently linked to the drinking water distribution systems. The incidence of healthcare- 
associated infection depends on the extent of contamination of the drinking water 
system and the susceptibility of the patient population to infection. The proportion of 
water distribution system outlets that are positive for Legionella has been shown to 
correlate with occurrence of disease, but the concentration of Legionella in the water 
obtained from these distal sites did not [12–16].

In outbreaks associated with drinking water, Legionella is the most frequently re-
ported cause of infection. During the 2013–14 drinking water disease outbreak sur-
veillance period, Legionella was the cause of all outbreak-related deaths. Additionally, 
in hospitals, healthcare facilities, and long-term care facilities all of the outbreaks 
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reported were caused by Legionella species [17]. Two-thirds of the Legionellosis 
outbreaks have been reported to be in healthcare settings [18]. In the United States 
from 2000 to 2014, the Centers for Disease Control and Prevention (CDC) conducted 
38 field investigations of Legionnaires’ disease. They found that 33% of cases were 
healthcare-associated. These healthcare-associated outbreaks were larger and resulted 
in more of the deaths (86% of deaths) compared to the travel-associated outbreaks 
(6%) [19]. Potable water was the most frequent source of exposure, accounting for 
56% of exposures, compared to cooling towers which were the source in only 22% of 
exposures [19, 20]. In Europe from 2011 to 2015, 29 countries reported over 30,500 
cases of Legionnaires’ disease with France, Germany, Italy, and Spain combined ac-
counting for 70.3% of all European cases [21].

The first documented study of disinfection was published in 1983 using thermal 
eradication, which we termed “superheat-and-flush method” [14]. The first com-
prehensive review on disinfection methodologies was published in 1990; definitive 
recommendations as to which methodology was superior were not made [22]. Two re-
views on disinfection methodologies were published: one for engineers and healthcare 
facility managers [23] and another for physicians and infection control practitioners 
[24]. At that time, disadvantages of both hyperchlorination and ultraviolet light had 
become manifest and a new technology, copper-silver ionization, was under evalua-
tion. Over 20 years have since passed, and additional methods have been introduced: 
chlorine dioxide, monochloramine, and point-of-use filtration. We have previously 
recommended evidence-based evaluation criteria to set a standard for manufacturers 
of disinfection methodologies (Table 4.1). Such objective criteria assist hospitals in 
making cost-effective decisions.

Other waterborne pathogens including Pseudomonas aeruginosa, Burkholderia 
cepacia, Stenotrophomonas maltophilia, nontuberculous mycobacteria (NTM), 
Aspergillus species, and many more can cause healthcare-acquired infections es-
pecially in high-risk patient units and neonatal intensive care units [27–31]. These 
organisms have been directly linked to healthcare-associated infections that were 
transmitted by contaminated potable and hospital water systems [29, 30]. The scope 
of infections caused by these bacteria, especially P. aeruginosa, is not currently well 
understood or controlled [32].

– Demonstrated efficacy in vitro against Legionella
– Reports of anecdotal experience of efficacy in controlling Legionella contamination in 

individual hospitals
– Peer-reviewed and published reports of controlled studies of prolonged duration (years) 

of the efficacy of controlling Legionella growth and preventing cases of hospital-acquired 
Legionnaires’ disease in individual hospitals

– Confirmatory reports from multiple hospitals with prolonged duration of follow-up 
(validation step)

Table 4.1 Objective criteria for disinfection methods using a four-step approach [25, 26].
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4.2  Systemic disinfection methods

4.2.1  Chlorine dioxide

This disinfectant has been regarded as safe because it has been used for water treatment 
in Europe since the 1940s. Numerous chlorine dioxide systems have been installed in 
the United States for Legionella disinfection. Chlorine dioxide is a gas in solution 
that is typically generated on site. The two most commonly used methods for produc-
ing chlorine dioxide are controlled mixing of chemical precursors or electrochemical 
generation. Chlorine dioxide has been applied to both the cold and hot water systems. 
Chlorine dioxide does not form carcinogenic by-products such as trihalomethanes [33, 
34]. Chlorine dioxide is both odorless and tasteless. It can penetrate into biofilms more 
effectively than chlorine. This penetration can inhibit biofilm development. Although 
chlorine dioxide has been shown to control Legionella, more time may be needed 
for efficacy in hot water. This is due to the breakdown of chlorine dioxide into its 
by-products, chlorite and chlorate [35, 36] which are less effective. The biocidal action 
is maintained over a wider range of pH levels than other disinfectants such as chlorine 
and copper-silver ionization. Corrosive effects are much less than that of chlorine, but 
it can cause cracking of plastic piping.

The first controlled field evaluation in the United States was conducted in a hos-
pital that had experienced hospital-acquired Legionnaires’ disease [37]. During the 
15-month study, Legionella positivity of hot water outlets significantly decreased from 
23% to 12%. Legionella positivity for cold water outlets approached 0%. The mean 
chlorine dioxide residual at cold water outlets was higher than hot water, 0.33 mg/L 
and 0.08 mg/L, respectively. The reduction in chlorine dioxide concentration in the hot 
water (0.08 mg/L) may explain why complete eradication was not achieved until after 
20 months of treatment.

Zhang et al. evaluated the efficacy of chlorine dioxide in a New York hospital over a 
30-month period [36]. Legionella positivity in hot water decreased from 60% to 10%, 
but this reduction took 18 months [38]. No cases of hospital-acquired Legionellosis 
occurred during this period. Like the previous study, significantly lower chlorine 
dioxide residuals were detected in the hot water (0.04 mg/L) compared to the cold 
(0.3–0.5 mg/L).

After 2 years of chlorine dioxide treatment (target concentration of 0.5 mg/L) in a 
UK hospital, the Legionella positivity remained unchanged. Two cases of hospital- 
acquired Legionnaires’ disease also occurred during this period [34]. In another UK 
hospital with hospital-acquired Legionnaires’ disease [39], chlorine dioxide was used 
because of repeated failures with hyperchlorination. Chlorine dioxide was injected 
into both the cold-water supply (0.25–0.5 mg/L) and the hot water supply (3–5 mg/L) 
to achieve a 0.25–0.5 mg/L residual concentration at hot water outlets. Legionella was 
not detectable from the water system after 3 years. When chlorine dioxide concentra-
tion fell below 0.25 mg/L due to mechanical failure, Legionella was detected in water 
samples within 4 days. Chlorine dioxide was injected into the water system of an Italian 
hospital at 0.4–0.5 mg/L at the cold-water source, which resulted in 0.2–0.3 mg/L at 



74 Decontamination in Hospitals and Healthcare

the outlets. High concentrations of Legionella were still detected after 4 years of treat-
ment, and 12 cases of hospital-acquired Legionnaires’ disease occurred [40].

In a Scottish hospital both hyperchlorination and chlorine dioxide were used to 
control Legionella. Hyperchlorination was found to be ineffective in eradicating L. 
pneumophila from the hospital drinking water and cases of hospital-acquired legio-
nellosis occurred. Chlorine dioxide at 0.5 mg/L was injected into the cold-water sys-
tems. Treatment was successful in controlling L. pneumophila serogroup 1 by week 
6; however, L. anisa persisted in low numbers [41]. Prolonged duration of treatment 
with chlorine dioxide was necessary before L. anisa counts decreased significantly at 
Johns Hopkins Hospital [35]. It took 60 days to reduce positivity from 40% to 20% 
and 15 more months to reach the 4% level at the end of their study. L. anisa is a rare 
cause of infection and no illness was documented. In a survey from the French na-
tional Legionella surveillance network, 13.8% of environmental samples were positive 
for L. anisa and only 0.8% of patient samples were positive for L. anisa [42]. In a 
multicenter prospective study involving 20 hospitals across the United States, 45% 
of hospitals were colonized with L. anisa, but no infections caused by L. anisa were 
identified [15]; thus, disinfection is not recommended if L. anisa is the sole species 
isolated from the water.

When chlorine dioxide was compared to monochloramine for Legionella control 
in an Italian hospital, monochloramine was found to be more effective. Distal site 
positivity was reduced from 96.4% to only 45.9% in the chlorine dioxide-treated 
systems, whereas Legionella distal site positivity went from 100% to 9.5% in the 
monochloramine- treated building. Hot water treated with chlorine dioxide also had 
higher levels of chlorites and chlorates than monochloramine-treated hot water [43].

The limitations of chlorine dioxide include the following: (1) Prolonged time is 
required to demonstrate significant reductions in Legionella positivity [35–38, 44, 45]; 
(2) chlorine dioxide concentration in hot water is low (<0.1 mg/L) when injected into 
the incoming cold water at 0.5–0.8 mg/L [35, 37, 44, 46]; (3) reactions with organic 
material and corrosion scale in piping causes rapid conversion of chlorine dioxide to 
chlorite and chlorate [46], these by-products may pose health risks; (4) corrosion of 
galvanized pipes can cause loss of chlorine dioxide which may affect efficacy [46].

The major challenge for chlorine dioxide is maintenance of an effective residual 
(0.3–0.5 mg/L as ClO2) throughout the drinking water system [46]. One New York 
hospital achieved success of >0.1 mg/L by direct injection into the hot water system 
(Stout, JE personnel communication, 2010).

Drinking water regulatory considerations include the following: (1) chlorine di-
oxide is a registered biocide with the US EPA; (2) the EPA has set the maximum 
residual disinfectant level (MRDL) for ClO2 of 0.8 mg/L; and (3) the maximum con-
taminant level (MCL) for chlorite (ClO2

−) of 1.0 mg/L [47]. Possible health effects 
from chlorite include congenital cardiac defects and hemolytic anemia [48]. Chlorate 
is currently not regulated due to the lack of health data to set an MCL. The United 
Kingdom Drinking Water Inspectorate specifies a limit for combined concentrations 
of chlorine dioxide, chlorite, and chlorate. The maximum value for total oxidants in 
drinking water is 0.5 mg/L. The US EPA mandates that healthcare facilities adding 
a disinfectant to a water system that serves at least 25 people is considered a public 
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water system and must comply with the Safe Drinking Water Act (SWDA) and Stage 
1 Disinfection Byproducts Rule [49]. In addition, in the United States chlorine dioxide 
products used in hospitals must be EPA-registered and American National Standards 
Institute (ANSI)/National Sanitation Foundation (NSF) certified. Some states require 
regular monitoring of chlorine dioxide and chlorite. Such testing can be costly, and 
this expense is often overlooked.

Data on the efficacy of chlorine dioxide against other waterborne pathogens 
are promising. Chlorine dioxide was able to kill M. avium faster than chlorine or 
monochloramine [50]. Chlorine dioxide was effective in killing Gram-negative bacilli 
(Pseudomonas species, S. maltophilia, Sphingomonas paucimobilis, and others) and 
nontuberculous mycobacteria (NTM) [51]. A hospital building treated with chlorine 
dioxide had low levels of NTM, including M. kansasii, M. xenopi, M. fortuitum, and 
M. gordonae. A control building with no disinfection showed 70% positivity whenever 
the treated building was 20% [52].

4.2.2  Copper-silver ionization

Copper and silver ions are released into the hot water system from metal electrodes. 
The system is typically installed on the hot water recirculation system. The mecha-
nism of action involves positively charged copper and silver ions forming bonds with 
negatively charged ions on the bacterial cell wall. Lysis and bacterial cell death is 
the result. Copper and silver ion concentrations in the ranges of 0.3–0.8 mg/L copper 
and 0.01–0.08 mg/L silver are typically recommended for Legionella control [53–56]. 
Copper ion concentrations should be monitored weekly with a field test kit. Silver 
concentrations can only be tested by a certificated reference laboratory and should be 
tested bimonthly. Water samples for ion analysis should be clear and free of sediment. 
Ions can bind to particulates and result in high readings. Monitoring ion concentrations 
and maintenance of equipment to reduce scale formation on the electrodes is neces-
sary and this technology can be used for both short-term and long-term disinfection.

The first installation of a copper-silver ionization system in the United States was 
in 1990 [57]. A Pittsburgh, Pennsylvania hospital showed that Legionella colonization 
of distal outlets was reduced from 75% to 0% in 3 months. Copper and silver ion 
concentrations were above 0.4 and 0.04 mg/L, respectively [58]. When the ionization 
unit was deliberately inactivated, recolonization was delayed, and the water system 
remained free of Legionella for an additional 2–3 months. Accumulation of ions inside 
the biofilm was demonstrated to be the basis for the prolonged bactericidal effect [58, 
59]. Copper-silver ionization has been used in hospitals, long-term care facilities [60], 
office buildings [58], and apartment buildings [61].

Copper-silver ionization has been used to control Legionella in hospitals world-
wide [53–56, 62–65]. Sixteen US hospitals were followed that had ionization systems 
in place for 5–11 years and showed success where other methods such as superheat 
and flush, ultraviolet light, and hyperchlorination had failed [25]. Fifty percent of the 
hospitals reported 0% positivity within 0–5 years after treatment with copper-silver 
ions, and 43% still reported 0% positivity 5 years later. More importantly, no cases 
of hospital-acquired Legionnaires’ disease had occurred in any of these hospitals 
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after installing ionization systems. Ten cases of Legionnaires’ disease occurred at 
the University of Wisconsin hospital from 1985 to 1995, despite hyperchlorination. 
Following installation of copper-silver ionization, Legionella was eliminated from the 
drinking water system and no cases were diagnosed [66].

A 1998 survey of US National Nosocomial Infections Surveillance hospitals 
showed that copper-silver ionization was used in 32% (12/38) of hospitals that had 
instituted disinfection measures [67]. The first three hospitals to apply hyperchlo-
rination for Legionella disinfection (Wadsworth VA Medical Center, California; 
University of Vermont Medical Center, Vermont; University of Pittsburgh Medical 
Center, Pennsylvania) ultimately switched to ionization because of failure to control 
Legionella and chlorine-induced corrosion. A review of 10 published studies also con-
cluded that copper-silver ionization is an effective method to control Legionella as 
long as ion levels were properly monitored [64]. A metadata analysis of three studies 
comparing copper-silver ionization to no treatment indicated a 95% risk reduction of 
Legionella distal site positivity [68]. In the United Kingdom, a new hospital compared 
reducing hot water temperatures (to 43°C, ranging 37–44°C) and utilizing copper-sil-
ver ionization to control Legionella in their water system. No L. pneumophila was 
isolated from any of the samples collected after the ionization system was installed. 
However, it is not clear whether there was any Legionella colonization or recovery 
prior to the installation of the copper-silver ionization system and building commis-
sioning [69]. It should also be noted that in the United Kingdom, the Health and Safety 
Executive (HSE) stipulate that “Hot water should be stored at least at 60 °C and dis-
tributed so that it reaches a temperature of 50 °C (55 °C in healthcare premises) within 
one minute at the outlets” [70].

Advantages of copper-silver ionization include easy installation and maintenance. 
Oral consumption is limited since the ions are typically added only into the hot water 
recirculating lines. The demonstrated prolonged efficacy of ionization after an inter-
ruption provides added margin of safety. This is unlike hyperchlorination in which 
Legionella can rapidly appear in the event of system malfunction. The biocidal activ-
ity of copper-silver ionization is not compromised by higher water temperature [71], 
which is the case for chlorine and chlorine dioxide.

Elevated water pH [72] and low ion concentrations [73] may compromise the 
efficacy of ionization and so these have to be addressed at the time of installation 
and monitored. High pH of the hospital water (>8.5) interferes with the disinfecting 
action of both chlorine and the copper-silver ions [74, 75]. Copper-silver ionization 
was demonstrated to be effective in controlling Legionella in an acute care facility, 
previously treated with chlorine dioxide, and long-term care facility under alkaline 
water conditions [76]. Low ion levels in two German hospitals were responsible 
for copper-silver ionization systems failure to control Legionella [73, 77]. In both 
hospitals, the concentrations of copper and silver ion concentrations were well be-
low the recommended concentrations of copper and silver so as to comply with the 
German drinking water standard (maximal silver of 0.01 mg/L) [78]. One French 
hospital also reported the failure of ionization [79]. In this case, phosphate added 
to the water system to control corrosion may have interfered with the efficacy of 
ionization [80].
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Resistance of Legionella pneumophila to copper-silver ions has been documented 
in a few hospitals following installation of copper-silver ionization systems [81]; how-
ever there is no indication that resistance is frequent or widespread. Hospitals that 
maintain control by monitoring ion concentrations and Legionella distal site positivity 
are less likely to experience this phenomenon. Rigorous maintenance plans with reg-
ular monitoring of both ion concentrations and culturing for Legionella positivity are 
necessary to ensure long-term success.

The Environmental Protection Agency (EPA) set a maximum containment level 
(MCL) for copper in drinking water of 1.3 mg/L, and 0.1 mg/L for silver (nonen-
forceable). EPA now requires ionization systems to “register” as a biocide for use in 
potable water [72]. This registration falls under the Federal Insecticide, Fungicide, 
and Rodenticide Act (FIFRA) for devices claiming biocidal action. In the United 
Kingdom, Spain, the Netherlands, and Poland separate applications allow for these 
products to be used, though not authorized for the whole of the EU, whose members 
must use alternative methods for treatment [82].

Copper and silver ions have been demonstrated to be bactericidal in  vitro 
and in model plumbing systems against other waterborne pathogens including 
Pseudomonas aeruginosa, Stenotrophomonas maltophilia, and Acinetobacter bau-
mannii [83, 84]. One study demonstrated the inefficiency of copper-silver ionization 
against nontuberculous mycobacterium at levels sufficient to control Legionella in 
a hospital system [53].

4.2.3  Hyperchlorination

Hyperchlorination was one of the first approaches used to control Legionella in hos-
pital water systems [22, 23]. In a 1990 review, we reviewed 17 hospitals applying 
hyperchlorination either alone or in combination with another disinfection method 
[22]. Due to costly corrosion or other problems, virtually all have since converted to 
other methods of disinfection. A supplemental chlorination system was installed in a 
medical center to stop an outbreak of L. micdadei infections in transplant patients. The 
system malfunctioned for 3 weeks and five additional culture-confirmed cases were 
identified [5]. A 5-year study of hyperchlorination was conducted in hospital buildings 
in Italy. After shock treatment with chlorine, hyperchlorination was maintained and 
resulted in a reduction in samples positive for Legionella. Legionella was recovered in 
21.1% of samples prior to treatment, whereas during treatment only 5.5% of samples 
were positive [85].

The challenges most often encountered when using hyperchlorination include (1) 
inadequate penetration into piping biofilms, (2) resistance to chlorine by Legionella 
[86–88], (3) corrosion of the water distribution system causing pinhole leaks, and (4) 
the introduction of carcinogens into the drinking water. As a result, hyperchlorination 
is most often used as a supplementary short-term disinfection method [89].

Mycobacteria can emerge following chlorination, despite the fact that chlorine 
has been demonstrated to be effective against some Mycobacterium species  in  vitro. 
Generally speaking, concentrations used in drinking water distribution systems are not 
sufficient to kill all species as some NTM are more resistant than others to chlorine 
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[50, 90]. In experiments using biofilm-grown M. avium and M. intracellulare, it was 
shown that they were more resistant to chlorine than the already relatively resistant 
planktonic bacteria [91]. Compared to other disinfection methods such as UV light, 
chlorine was less effective against M. fortuitum [92]. However, in one study chlorine 
was found to be more effective than monochloramine against Mycobacterium species 
[93]. In in vitro studies, biofilm-derived and cocultures of B. cepacia and P. aerugi-
nosa were fairly resistant to chlorine [94]. However, when grown in suspension in pure 
culture B. cepacia [94] and P. aeruginosa were more susceptible [94, 95]. A laboratory 
study describing the disinfection kinetics of chlorine for fungal species (Aspergillus 
fumigatus, A. versicolor, and Penicillium purpurogenum) noted that these species had 
a similar resistance as Mycobacterium species and L. pneumophila to this treatment. 
Chlorine was not as effective as monochloramine against P. purpurogenum [96].

4.2.4  Monochloramine

Monochloramine has emerged as one of the most effective disinfectants against 
Legionella, both in laboratory and field studies [93, 97–100]. Monochloramine is 
stable and has the ability to penetrate biofilm more effectively than chlorine [101], 
and has a wider pH working range than copper-silver ionization and chlorine [102, 
103]. The target concentration for monochloramine is 1.5–3.0 mg/L as Cl2 but the tar-
get and optimal concentrations may depend on the manufacturer. The EPA MCL for 
monochloramine is 4.0 mg/L as Cl2.

The ability to generate and apply monochloramine on-site for disinfection of hospi-
tal water systems has made this technology an option for hospitals. Monochloramine 
has been evaluated for efficacy in controlling Legionella in multiple healthcare facil-
ities including four Italian hospitals and in a US hospital in Pittsburgh, Pennsylvania 
[104]. The system for delivering monochloramine into building hot water distribution 
systems was first evaluated at a hospital in Modena, Italy. A significant reduction in 
Legionella positivity was seen within 30 days of injecting 1.5–3 mg/L of monochlo-
ramine [105]. Monochloramine treatment was compared to chlorine dioxide in the 
same hospital system in Italy. Monochloramine was found to significantly reduce 
Legionella distal site positivity compared to chlorine dioxide (100%–9.5% vs 96.4%–
45.9%) and produce fewer chlorites and chlorates overall in hot water [43]. In Catania, 
Italy, a monochloramine generation system was utilized to control Legionella in two 
hospitals [106]. Before the study, Legionella was isolated from 100% of outlets in 
both hospitals whereas 1 month after monochloramine treatment Legionella was un-
detectable. The speed of the reduction was noteworthy. Within 1 week, distal site pos-
itivity was down to 8% [106]. In another hospital in Catania, Italy, monochloramine 
treatment was effective in removing Legionella from the hot water system. Initially, 
100% of samples were positive for L. pneumophila serogroup 5 but after treatment for 
the 3-year study no Legionella positive samples (>103 cfu/L) were recovered [107]. 
A university hospital in Pisa, Italy switched from systemic disinfection with chlorine 
dioxide and point-of-use filtration in high-risk wards to monochloramine treatment as 
part of their water safety plan. This disinfectant reduced L. pneumophila serogroup 1 
positivity from 100% to 0%. Legionella was briefly isolated during malfunction of the 
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monochloramine generator, but all samples returned to negative after the system was 
adjusted [108].

Several studies have been carried out using monochloramine treatment in a hos-
pital in Pittsburgh, Pennsylvania [109–112]. One study included 2 years of follow-up 
after monochloramine system installation and demonstrated a reduction in Legionella 
distal site positivity from 53% to 9% [110]. Two microbiome analyses of this system 
also showed Legionella control by monochloramine [111, 112]. Two periods of in-
creased distal site positivity were associated with changes in chemical composition 
and increased pH [110]. One of these Legionella rebounds was observed in molecular 
microbiome analysis (16S rRNA sequencing) of the water system and it was perceived 
that Legionella was likely able to take over the system due to the overall reduction of 
bacterial richness and diversity in monochloramine-treated samples [111]. Therefore, 
we suggest routine monitoring for Legionella species and disinfectant concentration 
to ensure the system is operating appropriately.

If a municipality converts from chlorine to monochloramine as the primary treat-
ment method, the hospitals in that municipality may benefit if they have a water 
system colonized with Legionella [15]. Two case-control studies suggested that hos-
pitals in municipalities that were supplied with domestic drinking water treated with 
monochloramine were less likely to report hospital-acquired Legionnaires’ disease 
[102, 113]. Legionella colonization decreased from 60% to 4% with conversion from 
chlorine to monochloramine in 53 buildings in California. The median number of 
colonized sites per building decreased with monochloramine disinfection [103]. The 
number of colonized buildings in a Florida study decreased from 20% to 6% after 
monochloramine was introduced into the municipal water supply [114]. The use of 
monochloramine at the municipal level, versus chlorine alone, was associated with a 
reduced risk of Legionella colonization of the hot water system in a study comparing 
15 hospitals in Texas [115]. On the other hand, the proportion of buildings colonized 
by Mycobacterium species increased from 19% to 42% indicating that monochlora-
mine was less effective than chlorine in controlling mycobacteria in municipal water 
distribution systems. Increased growth of coliforms and heterotrophic bacteria also 
occurred [116]. Additionally, an increase in nitrogen by-products and increased lead 
leaching in drinking water has been reported [61, 116]. These problems were not seen 
when monochloramine was applied to the hospital hot water systems [110].

Monochloramine can cause anemia in patients undergoing hemodialysis and there-
fore these patients must be protected. Indeed, hemodialysis and renal patients should 
be protected from chemicals used to treat water systems. This is something to address 
if applying monochloramine to the entire cold-water system and dedicated treatment 
and supply arrangements may be required for renal and hemodialysis units. Both 
where monochloramine is applied (hot vs cold water) and how it is generated can 
impact by-products and ammonia levels.

Monochloramine has been shown to kill S. aureus, P. aeruginosa, A. flavus, and 
A. fumigatus, E. coli, and C. albicans in  vitro [117]. Fungal species, including A. 
fumigatus, A. versicolor, and P. purpurogenum, were determined to be fairly resistant 
to monochloramine in vitro though not more so than NTM or L. pneumophila [96]. 
In monochloramine systemic disinfection of hospital systems, a reduction, though not 
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statistically significant, of P. aeruginosa [105] and Mycobacterium species [110] was 
noted. Other waterborne pathogens (P. aeruginosa, S. maltophilia, and Acinetobacter 
species) were found at low concentrations before and after treatment and did not in-
crease during continuous systemic disinfection [110]. Another study described an 
increase in site positivity and concentrations of Mycobacterium species when using 
2 mg/L of monochloramine but when the concentration was increased to 3 mg/L the 
Mycobacterium species were successfully removed [108].

In molecular analyses, the community composition of water treated with 
monochloramine was completely different than a control building. No increase in 
Mycobacterium species relative abundance was observed although an increase in 
Sphingomonas species abundance was observed [111]. During the first 6 months of 
treatment with monochloramine the relative abundance of Acinetobacter species, 
Mycobacterium species, Pseudomonas species, and Sphingomonas species increased 
significantly. Although it is unclear how these results relate to the presence of culti-
vable bacteria since the culture-based study including these samples saw an overall 
reduction of Mycobacterium species and no change in P. aeruginosa or Acinetobacter 
species during monochloramine application [112].

4.2.5  Point-of-use filtration

Point-of-use (POU) filters exclude microbes based on their size using the pores of the 
POU filter membrane and provide a physical barrier between Legionella and other wa-
terborne pathogens found in hospital outlets and individuals exposed to that water. POU 
filters can be installed on faucets, showers, or in-line supplying ice machines. The pe-
riod of approved use of these devices has continually increased from the original 7-day 
use period to up to 124 days of use for the faucet and shower filters depending on the 
manufacturer and characteristics of the filters. Some in-line filters can be used for up 
to 360 days or a specific number of gallons. POU filters may be affected by retrograde 
contamination, as reported in previous studies [118, 119]. This can limit the duration of 
use due to the presence of bacteria on the contaminated filter’s external surface that may 
lead to the transfer of bacteria to other surfaces and the hands of healthcare workers.

The first controlled study of a POU faucet filter demonstrated effective removal of 
Legionella at the point of use. This filter was also able to remove or reduce NTM and total 
bacteria, as measured by heterotrophic plate count (HPC) [120] from the water emitted 
from the filter outlet. Additional studies have demonstrated the efficacy of POU faucet 
and shower filters in removing Legionella from hospital water systems [119, 121–128].

Some hospitals restrict water use during an outbreak by having patients use bottled 
water exclusively and restricting all patients from showering. POU filters accomplish 
reduced risk of exposure and allow for continued use of water and are better tolerated 
by patients [129]. These filters are used for both outbreak remediation and continu-
ously on faucets and showers or in-line for ice machines in high risk units like neonatal 
intensive care units (NICUs), transplant units, and hematology-oncology units.

Published evaluation studies demonstrated successful removal of other waterborne 
pathogens including Pseudomonas aeruginosa [119, 122–124, 126–128, 130–136], 
Nontuberculous mycobacterium [118, 120, 128, 137], Stenotrophomonas maltophilia 
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[123, 124, 136], Acinetobacter species [123, 124], coliforms [119, 122, 132], fungi 
[122, 128, 132, 138], and total bacteria (HPC) [119, 120, 122, 126–128, 137].

4.2.6  UV light used alone or in combination with other 
disinfectants

UV light is a nonchemical option for disinfection of drinking water. Point-of-entry 
application does not allow eradication at outlets downstream of entry.

Two hospitals found that UV was ineffective in eradicating Legionella at distal sites 
[139, 140]. Combining UV and hyperchlorination was effective in a transplant unit for 
Legionella control [141]. In a new hospital, UV was installed on the incoming water 
supply. None of the 930 drinking water cultures were positive over a 13-year period 
and cases of hospital-acquired legionellosis were not found [142]. Unfortunately, the 
study was not definitive because no control sites were used. One study comparing UV 
light and filtration to no treatment showed a 97% risk reduction of Legionella positive 
distal sites using UV light and filtration [68]. An Italian hospital demonstrated efficacy 
of UV light with hydrogen peroxide injection initially and every 6 months, against L. 
pneumophila after recurrence following a thermal shock treatment [143].

Relatively few studies have been published demonstrating efficacy of UV light 
against other waterborne pathogens in the hospital setting. A study demonstrated L. 
pneumophila and P. aeruginosa removal from a respiratory hydrotherapy system using 
both ultrafiltration and UV light [144]. P. aeruginosa removal by UV light without 
filtration has also been described [145]. M. avium complex has been shown to be more 
resistant to UV light than other bacteria [146], but was able to be inactivated by UV 
light rates used in drinking water treatment [147]. UV light was demonstrated to be 
more effective than chlorine in the elimination of M. fortuitum [92]. Efficacy of UV 
light disinfection is affected by temperature, dose, and duration of exposure.

4.2.7  Advantages and disadvantages of systemic disinfection 
methods

Selection of long-term systemic disinfection methods requires consideration of many 
factors. As a result, it is not a one-size-fits-all approach for all facilities. The fol-
lowing factors should be considered during the disinfection selection process: (1) 
country or region-specific regulatory requirements for disinfection methods, (2) dis-
infectant by-products produced and their allowable limits in drinking water, (3) the 
efficacy against Legionella and other waterborne pathogens, (4) the operational and 
maintenance requirements for the system selected, (5) the time and training of staff 
needed to operate the system, and (6) cost of implementation and monitoring. The 
decision process must include infection preventionists and those involved in the wa-
ter safety group. Both the facilities management needs and those of the patients that 
the healthcare facility is serving are best addressed by the infection preventionist and 
water safety group. For more information about application conditions, disinfection 
by-products, allowable chemical levels, and advantages and disadvantages of these 
disinfection methods, see Table 4.2.



Disinfection 
method

Typical 
application 
ratea Optimal pH Temperature

Disinfection 
by-products 
(DBP)

USEPA 
drinking 
water 
standard Advantages Disadvantages

Chlorine dioxide 0.5–
0.7 mg/L 
ClO2

6.0–10 Elevated 
temperatures 
accelerate 
decay

Chlorite Chlorine 
dioxide 
<0.8 mg/L

● Biofilm 
penetration

● Less corrosive 
than chlorine

● Regulatory 
agency 
familiarity

● Extended time for efficacy
● Difficult to achieve/

maintain residual in hot 
water applications

● Reactions with organic 
material and corrosion 
scale in piping

● Corrosion of PEX piping
Copper-silver 
ionization

0.2–0.8 ppm 
Cu
0.02–
0.08 ppm Ag

>8.5 No impact 
from 
temperature

None Copper 
<1.3 mg/L
Silver 
<0.1 mg/L

● No chemical 
precursors

● Small 
equipment 
footprint

● Prolonged 
efficacy if 
application is 
disrupted

● Primarily a hot water 
application

● Laboratory measurement 
for silver ion 
concentration

● Regulatory agency 
unfamiliarity

● Anecdotal reports of 
corrosion in long-term 
applications

Hyperchlorination 2–3 mg/L 
Cl2

<8.0 Elevated 
temperatures 
accelerate 
decay

THM and 
HAA5

Chlorine 
<4.0 mg/L

● Readily 
available

● Regulatory 
agency 
familiarity

● Inadequate biofilm 
penetration

● Corrosion of piping 
systems

● Carcinogenic 
by-products

● Studies have shown 
Legionella resistance up 
to 50 mg/L

Table 4.2 Summary of systemic disinfection methods.



Monochloramine 1.5–3 mg/L 
as Cl2

7.0–9.0 Minimal 
impact by 
elevated 
temperature

Reduced 
THM and 
HAA5 
compared 
with 
chlorine

Chloramine 
<4.0 mg/L 
as Cl2

● Biofilm 
penetration

● Less corrosive 
than chlorine

● Regulatory 
agency 
familiarity

● Rapidly 
effective against 
Legionella

● Reduced DBP 
formation

● Cold water application 
can impact hemodialysis 
and fish

● Cold water application 
could impact water 
quality (i.e., nitrification)

POU filters Applied 
to faucets, 
showers, or 
in-line

2.0–12.0 
depending on 
manufacturer

Temperature 
range of use 
dependent on 
manufacturer

None N/A ● Complete 
microbiological 
barrier

● Quick 
implementation

● No water 
restrictions 
required

● Good for high-
risk patients

● Barrier only: does not 
eradicate

● Requires periodic filter 
replacement

● Filters might reduce flow 
over time, especially in 
turbid waters

● Ongoing cost to replace

UV light UV reactor 
on-site

N/A Some 
components 
may be 
impacted 
by elevated 
temperatures

None N/A ● Easily installed
● Effective against 

Legionella
● Water taste 

and odor not 
affected

● No residual protection
● Affected by turbid water
● More operational 

and maintenance 
requirements

● Does not affect biofilm 
formation

HAA5, Haloacetic acids including monochloroacetic acid, dichloroacetic acid, trichloroacetic acid, monobromoacetic acid, and dibromoacetic acid; THM, trihalomethanes.
a Typical application rate concentrations should be in accordance with the system manufacturer’s specifications.
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4.3  Emergency disinfection methods

Immediate measures are needed to minimize panic among patients and employees 
and to manage public relations when cases of hospital-acquired Legionnaires’ dis-
ease are identified. Some Legionnaires’ disease prevention regulations and guidelines 
require immediate use of a short-term control measure if the distal site’s positivity 
for Legionella exceeds 30% [148] or if a threshold value of concentration is reached. 
During an outbreak, superheating and flushing or hyperchlorination are generally 
recommended by the public health authority having jurisdiction. In this situation, 
the hospitals may use superheat-and-flush plus/minus shock hyperchlorination as a 
short-term, systemic control measure [23]. This method is logistically tedious, and 
the benefits are short-term; re-colonization invariably occurs. Hot water temperatures 
are elevated to >70°C (158°F) for 3–5 days with flushing of each hot-water faucet and 
showerhead for 30 min [149]. A 5- to 10-min flush was recommended by the CDC 
[150], but such shorter flush times have been shown to be ineffective [149, 151]. The 
advantage of this method is that disinfection of the water distribution system can be in-
stituted rapidly. However, temperatures at the distal site must be rigorously maintained 
and monitored [152]. Superheating at distal taps where thermostatic mixer valves are 
installed may not reach the required temperature. These thermostatic mixer valves 
need to be bypassed in order to achieve the desired temperature. Caution is advised 
when superheating water due to risk of scald injury.

Shock chlorination may be the only option in some hospitals where superheat-
and- flush cannot be used [151]. Shock chlorine dioxide is theoretically feasible but 
may pose health risks due to gassing off of the disinfectant. Clinical experience as a 
short-term measure is very limited [153]. A short course of copper-silver ionization 
may also be an option for some facilities [59, 154]. Point-of-use water filters are a 
cost-effective measure if a limited patient area can be targeted. They can be applied 
immediately and are better tolerated by patients and staff when compared to the alter-
native of restricting showering and providing bottled water [129]. See Table 4.3 for 
information about these emergency disinfection methods.

4.4  Selection and validation of disinfection method

Making decisions about what type of disinfection system may be appropriate for the 
facility and selection of the supplier warrants careful consideration. Objective assess-
ments from other hospitals that have used the supplier’s product may provide infor-
mation to help facilities. The necessity and ongoing requirement for maintenance and 
monitoring following installation are often underestimated. Regulatory compliance 
and possible permitting requirements must be considered in each of the countries 
in which the disinfectants are used. Allowable levels of chemicals, especially chlo-
rine and chlorine dioxide, and the applicability to either hot or cold-water systems 
depends on the country or region and may impact the choice of disinfection sys-
tem. In Europe, generally thermal treatment is recommended followed by physical 
measures (UV light or POU filters), then electrochemical disinfection (copper-silver 
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Table 4.3 Summary of emergency disinfection methods.

Emergency 
disinfection 
method Method of applicationa Advantages Disadvantages

Thermal 
(superheat and 
flush)

● Increase hot water generation 
temperature to ≥160°F

● Flush every outlet for minimum 
of 30 min, maintaining outlet 
temperature between 150°F and 
160°F

● No chemicals required
● No special equipment 

required
● Quick implementation
● Relatively inexpensive

● Scald potential
● Labor and energy intensive
● Reduced temperature or flush duration impacts 

efficacy
● Water restrictions during application
● High temperatures can impact plumbing system
● Temporary solution

Shock 
hyperchlorination

● Achieve 20–50 mg/L free chlorine 
in tanks

● Flush every outlet until chlorine 
≥2 mg/L is detected

● Hold for a minimum of 2 h
● Flush outlets until chlorine is 

<2 mg/L

● Reagents are readily 
available

● Effective against 
Legionella and viruses

● Used with mixing valves

● Labor intensive
● Accelerated piping corrosion, especially with 

repeat applications
● Water restrictions during application
● Does not penetrate biofilms well
● Must be performed by a qualified water treatment 

professional
Short-course 
copper-silver 
ionization

● Portable copper-silver ionization 
cells installed on hot water system

● Operated within drinking water for 
30–60 days

● Small equipment footprint
● Prolonged efficacy 

compared with thermal or 
hyperchlorination

● No water restrictions 
during application

● Rental of equipment during application
● Plumbing modifications to pipe in
● Laboratory measurement for silver ion 

concentrations
● Permitting may be needed depending on 

regulatory agency
POU filters ● Install filter on outlet or on the 

water supply to appliance
● Replace filter per manufacturer’s 

instructions

● Complete microbiological 
barrier

● Quick implementation
● No water restrictions 

required

● Barrier only: does not eradicate
● Requires periodic filter replacement
● Filters might reduce flow over time, especially in 

turbid waters
● Ongoing cost to replace

a Method of application is abbreviated for the purposes of the table. Actual application should include consideration for water restrictions during implementation, precautions during imple-
mentation, methods for returning the system to operation, and documentation requirements.
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ionization), and finally chemical disinfection (hyperchlorination, chlorine dioxide, 
and monochloramine) [155]. Initial installation costs are often low, but easily offset 
by the need for maintenance, repairs, and ongoing chemical costs. In addition to 
installation costs, the experience and service commitment by commercial suppliers 
varies and must be reviewed in detail by the water management team. Service and 
monitoring of the system postinstallation and records to be kept must be documented 
in writing before purchase.

Numerous companies now offer disinfection systems. Failures have become more 
commonplace with patients contracting Legionnaires’ disease despite installation of 
an expensive disinfection system that may have been purchased based on the sales lit-
erature from the company concerned. Any new disinfection method that is being con-
sidered for purchase should undergo an objective and standardized evaluation by the 
infection control team and the water safety group. The following steps have been pro-
posed previously: (1) demonstrated efficacy in vitro against Legionella organisms, (2) 
previous recorded and preferentially published experience of efficacy in controlling 
Legionella contamination in individual hospitals, (3) controlled studies of prolonged 
duration (years, not months) of the efficacy of minimizing Legionella growth and pre-
venting cases of Legionnaires’ disease in individual hospitals, and (4) confirmatory re-
ports from multiple hospitals with prolonged duration of follow-up or validation [25].

When hospital-acquired Legionnaires’ disease recurred after a disinfection system 
had been installed, we have noted one consistent finding: the decision for purchase 
of the disinfection system was made by the engineers within the facilities manage-
ment team with minimal input from the Infection Prevention department. To avoid this 
mistake, we strongly advocate that the infection control team and water safety group 
take the lead and coordinate the effort in both selecting the disinfection method and 
the vendor. Infection control leads are healthcare professionals dedicated to prevent-
ing healthcare-associated infections. An infection preventionist’s highest priority is 
keeping patients, healthcare providers, employees, and visitors free from healthcare- 
associated infections. These responsibilities contribute to preventing Legionellosis in 
a healthcare facility. Timely surveillance and accurate analysis of clinical test results 
identify healthcare-associated Legionellosis and prompt outbreak investigation re-
sponse to prevent additional cases. Infection control leads and the water safety group 
will also serve as liaisons to local and state health departments.

Infection preventionists also play a key role in the education of patients and health-
care workers on the basic principles of infection prevention and control as relates to 
prevention of Legionnaires’ disease. There continues to be confusion and misconcep-
tion about Legionellosis. Therefore, it is critical that infection preventionist provide 
accurate information to patients and all healthcare workers in a facility or during com-
munity outbreaks [156].

An infection preventionist actively serves on multiple interdisciplinary teams to 
provide their expertise. Infection preventionist provides an understanding of evidence- 
based best practices and current infection prevention guidelines to the teams. Their 
role on a healthcare facility’s water safety group and product evaluation committee is 
essential in preventing healthcare-associated cases of Legionella. This is particularly 
important in matters related to products that could grow and spread Legionella in the 



Control of Legionella in hospital potable water systems 87

building water system and equipment that may contain or consume water. For example, 
hands-free electronic sensor faucets are designed to limit hand contamination and to re-
duce water usage. In recent years, however, there have been reports of increased recov-
ery of Legionella and Pseudomonas aeruginosa from these water fixtures [157–160].  
Therefore, recommendations to restrict their use in high-risk areas have been made. 
The advent of waterless hand cleansers has decreased water usage in many hospitals. 
The reduced exposure of water fixtures to the disinfectant has resulted in increased 
colonization rates by Legionella. This can be reversed by periodic (monthly 20 min) 
flushing of the outlets to increase disinfectant exposure [161].

Additional committees that require an infection preventionist’s expertise to prevent 
infections due to Legionella are the facility construction and renovation committee 
and the water management program team (or water safety group). Hospital units that 
have been closed for renovation are vulnerable to recolonization. Such units should 
not house patients until all water pipelines are flushed and monitored for the presence 
of Legionella. As part of the water management program team in a healthcare facility, 
an infection preventionist provides the knowledge of areas where medical procedures 
may expose patients to aerosols; areas where the most vulnerable patients are housed, 
and confirm that the appropriate diagnostic tests for Legionnaires’ disease are being 
used by clinicians testing patients with healthcare-associated pneumonia. Other mem-
bers of the water safety group should include hospital engineers and members of the 
administration. However, decisions made by the water management group concerning 
the consideration of implementation of a secondary disinfection, selection of the sec-
ondary disinfection system to implement, and the testing method used to monitor and 
validate this system must include the infection preventionist.

There is the potential for the emergence of Legionella with resistance to any of 
these disinfectants. This has been previously demonstrated with copper-silver ions in 
a few hospitals with such system. Therefore, we recommend that any institution that 
installs a systemic disinfection system should save Legionella isolates from before 
installation and periodically thereafter to monitor for emergence of resistance.

Legionella distal site positivity and disinfectant concentrations need to be routinely 
monitored for the life of the system. Routine environmental cultures of Legionella are 
necessary to assess the risk of disease since Legionella colonization will vary over time 
[15] (Fig. 4.1). The Allegheny County (Pittsburgh, Pennsylvania) Health Department 
recommends once a year culturing of water sites in patient units and wards housing 
high risk patients [162], while the Maryland Guidelines recommend flexibility with 
four time a year culturing if an outbreak has occurred [163]. For those hospitals using 
systemic disinfection, the World Health Organization (WHO) recommends Legionella 
culture of the drinking water be performed every 3 months to verify efficacy [164]. The 
only way to monitor a disinfection system’s effectiveness in reducing the Legionella 
colonization is to culture the water system for Legionella using standard ISO meth-
ods. Physicochemical parameters (pH, free chlorine, Ca, Mg, TOC, etc.) have not 
consistently demonstrated predictive relationships with Legionella colonization in the 
literature. The total bacterial count, as measured by adenosine triphosphate (ATP) or 
heterotrophic plate count (HPC) concentrations, does not correlate with Legionella 
distal site positivity [165].
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4.5  Regulatory requirements, standards, and guidelines

Outbreaks and increased incidence of Legionnaires’ disease across the United States 
have led to the development of guidelines, standards, and laws to prevent exposure to 
Legionella in water systems. International Legionella regulations and guidelines have 
existed for decades, but only in 2015 was a voluntary standard published in the United 
States. ASHRAE (formally the American Society of Heating, Refrigerating and Air-
Conditioning Engineers) published Standard 188, “Legionellosis: Risk Management 
for Building Water Systems” in 2015. This standard was updated in 2018 [166]. 
Normative Annex A for Healthcare Facilities in ASHRAE Standard 188 describes spe-
cific tasks for the risk management plan for healthcare facilities. Construction in health-
care facilities is a known risk for healthcare-acquired Legionnaires’ disease. ASHRAE 
Standard 188, Section 8—Requirements for Designing Building Water Systems deals 
with construction-related issues including delayed occupancy. The risk is greatest when 
high risk patients are placed in newly constructed or renovated spaces [167]. ASHRAE 
has also published Guideline 12, “Managing the Risk of Legionellosis Associated with 
Building Water Systems” [168]. Implementation of specific Legionellosis risk manage-
ment and a water management program are described in this guideline.

Fig. 4.1 Guidelines for Legionella environmental cultures and clinical surveillance.
Modified from Allegheny County Health Department. Approaches to prevention and control 
of Legionella infection in Allegheny County Health Care Facilities. 2nd ed. Pittsburgh, PA: 
Allegheny County Health Department; 1997. p. 1–15.
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The US Centers for Disease Control and Prevention (CDC) published a toolkit 
on how to implement the ASHRAE Standard 188 water management program enti-
tled “Developing A Water Management Program to Reduce Legionella Growth and 
Spread in Buildings: A Practical Guide to Implementing Industry Standards” [169]. 
This guidance includes instruction for water management program teams to estab-
lish procedures to provide evidence that the water management program is effective, 
initially and on an ongoing basis. This validation step for water management demon-
strates that control measures have effectively limited Legionella growth and spread 
from the building water systems. Again, the only way to validate control of Legionella 
is to test for it.

The US Centers for Medicare and Medicaid Services (CMS) issued a memoran-
dum “Requirements to Reduce Legionella Risk in Healthcare Facility Water Systems 
to Prevent Cases and Outbreaks of Legionnaires’ Disease (LD)” in 2017 [170]. This 
memorandum requires covered healthcare facilities to develop a water management 
program, as described in ASHRAE Standard 188, with the assistance of the CDC’s 
toolkit document. While this document focuses on the prevention of Legionnaires’ dis-
ease, it also required facilities to develop and adhere to procedures that would inhibit 
the growth of Legionella and other waterborne organisms (including Pseudomonas, 
Acinetobacter, Burkholderia, Stenotrophomonas, nontuberculous mycobacterium 
(NTM) and fungi) in building water.

The US Veterans Health Administration (VHA) in the Department of Veterans 
Affairs issued VHA directive 1061: Prevention of Healthcare-associated Legionella 
Disease and Scald Injury from Potable Water Distribution Systems, following a large 
outbreak of Legionnaires’ disease. This directive requires facilities to conduct a risk 
assessment, develop a water management plan, and test water samples for Legionella 
quarterly [171, 172]. This directive applies only to facilities that are run by the 
Department of Veterans Affairs.

The first law in the United States for Legionella prevention was passed in 2016 in 
New York State. The New York State Department of Health passed regulation in the 
New York State Sanitary Code Title: Part 4—Protection Against Legionella that re-
quires registration of cooling towers and assessments and sampling of cooling towers 
and healthcare facilities for Legionella colonization [148]. The city of New York also 
passed Local Law 77, requiring cooling tower assessment and testing [173]. Currently 
these are the only legally enforceable Legionella regulations in the United States and 
they only apply to those healthcare facilities and cooling towers in New York State.

Internationally, the World Health Organization (WHO) provides information on 
Legionella prevention using a water management approach in their “Legionella and 
the prevention of Legionellosis” [164]. The WHO also has several other documents 
that provide guidance on Legionella in potable and nonpotable water [155]. In 1986, 
European Working Group for Legionella Infections (EWGLI), now the ESCMID 
Study Group for Legionella Infections, was formed by members of the European 
Commission [155]. The working group’s technical guidelines establish required wa-
ter temperatures, critical Legionella concentration limits, and when action is required 
to reduce the concentration to below the critical level, including through the use of 
disinfection [174]. Some countries in the EWGLI have considered critical levels of 
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Legionella that are divergent from the overall guidance including Belgium, France, 
Germany, and the Netherlands [155]. Several other countries and regions, not in-
cluded in the EWGLI, have their own guidance on Legionella prevention including 
Africa, Australia, China, Dubai, New Zealand, Russia, Singapore, South America 
[155], and Ireland [175], which are summarized elsewhere. These guidance docu-
ments generally specify if Legionella testing is recommended or required, the action 
level for Legionella concentration or positivity, preventative maintenance for systems, 
and information about methods of disinfection. In the United Kingdom, the HSE has 
published a number of legislative and guidance documents for dutyholders, which 
includes employers, those in control of premises, and those with health and safety 
responsibilities for others, to help them comply with their legal duties and includes 
documentation on evaporative cooling towers [176], hot and cold water systems [70], 
and other water systems [177]. In addition, in the United Kingdom the Department of 
Health and Social Care (DHSC) (England) has also published guidance documents 
that relate to the use of “Safe water in healthcare premises” through the design, in-
stallation, commissioning, testing, monitoring, and operation of water supply systems 
in healthcare premises [178]. In this guidance, the DHSC has proactively encouraged 
users toward a holistic management of water systems via water safety groups (WSGs), 
water safety plans (WSPs), and other initiatives. In addition, WSPs are a risk man-
agement tool that identify potential microbiological hazards and establish effective 
practices in local water usage, distribution, supply, and controls. It is important to con-
sider that WSPs are working documents that need to be reviewed to ensure adequate 
assessment and control of risks from Legionella and other waterborne pathogens in 
healthcare and care home settings.

4.6  Conclusion

Healthcare-acquired Legionnaires’ disease continues at an alarming rate and with 
high mortality. Proactive prevention requires risk assessment that includes testing for 
Legionella. The disinfection approaches reviewed here have had some measure of suc-
cess in preventing further illness from Legionella and may also reduce infections from 
other opportunistic waterborne pathogens. Through these proactive measures, we can 
end Legionnaires’ disease!

References

 [1] Tobin JOH, Swann RA, Bartlett CLR. Isolation of L. pneumophila from water systems: 
methods and preliminary results. Br Med J 1981;282:515–7.

 [2] Stout J, et al. Potable water supply as the hospital reservoir for Pittsburgh pneumonia 
agent. Lancet 1982;1(8270):471–2.

 [3] Gobin I, Newton PR, Hartland EL, Newton HJ. Infections caused by nonpneumophila 
species of Legionella. Rev Med Microbiol 2009;20:1–11.

http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0010
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0010
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0015
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0015
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0020
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0020


Control of Legionella in hospital potable water systems 91

 [4] Muder RR, Yu V. Infection due to Legionella species other than L. pneumophila. Clin 
Infect Dis 2002;35(8):990–8.

 [5] Knirsch CA, et al. An outbreak of Legionella micdadei pneumonia in transplant patients: 
evaluation, molecular epidemiology, and control. Am J Med 2000;108(4):290–5.

 [6] Kenagy E, et al. Risk factors for Legionella longbeachae Legionnaires' disease, New 
Zealand. Emerg Infect Dis 2017;23(7):1148–54.

 [7] Joseph CA, Watson JM, Harrison TG, Bartlett CL. Nosocomial Legionnaires' disease in 
England and Wales, 1980-92. Epidemiol Infect 1994;112:329–45.

 [8] Sabria M, Yu VL. Hospital-acquired legionellosis: solutions for a preventable disease. 
Lancet Infect Dis 2002;2002:368–73.

 [9] Moore T. Legionella bacteria found at four more Queensland hospitals. 2013 [29 June 
2013].

 [10] Lecointe D, Faqundez E, Pierron P, Brisse P, Vollereau D, Breton D, et al. Management 
of the Legionella-line risk in a multicentre area's hospital: lessons learned of a six-year 
experience. Pathol Biol (Paris) 2010;58:131–6.

 [11] Shachor-Meyouhas Y, Bamberger E, Nativ T, Sprecher H, Levy I, Srugo I. Fatal hospital- 
acquired Legionella pneumonia in a neonate. Pediatr Infect Dis J 2010;29:210–1.

 [12] Kohler JR, Maiwald M, Luck PC, Helbig JH, Hingst V, Sonntag HG. Detecting legionel-
losis by unselected culture of respiratory tract secretions and developing links to hospital 
water strains. J Hosp Infect 1999;41:301–11.

 [13] Boccia S, Laurenti P, Borella P, Moscato U, Capalbo G, Cambieri A, et al. Prospective 
three year surveillance for nosocomial and environmental Legionella pneumophila: im-
plications for infection control. Infect Control Hosp Epidemiol 2006;27:459–65.

 [14] Best M, Yu VL, Stout J, Goetz A, Muder RR, Taylor F. Legionellacae in the hospital 
water supply—epidemiological link with disease and evaluation of a method of control 
of nosocomial Legionnaires' disease and Pittsburgh pneumonia. Lancet 1983;2:307–10.

 [15] Stout JE, Muder RR, Mietzner S, Wagener MM, Perri MB, DeRoos K, et al. Role of 
environmental surveillance in determining the risk of hospital-acquired legionellosis: 
a national surveillance study with clinical correlations. Infect Control Hosp Epidemiol 
2007;28:818–24.

 [16] Sabria  M, Modol  JM, Garcia-Nunez  M, Reynaga  E, Pedro-Botet  ML, Sopena  N, 
et  al. Environmental cultures and hospital-acquired Legionnaires' disease: a 5-year 
prospective study in 20 hospitals in Catalonia, Spain. Infect Control Hosp Epidemiol 
2004;25:1072–6.

 [17] Benedict  KM, et  al. Surveillance for waterborne disease outbreaks associated 
with drinking water—United States, 2013–2014. MMWR Morb Mortal Wkly Rep 
2017;66(44):1216–21.

 [18] Craun GF, Brunkard  JM, Yoder  JS, Roberts VA, Carpenter  J, Wade T, Calderon RL, 
Roberts JM, Beach MJ, Roy SL. Causes of outbreaks associated with drinking water in 
the United States from 1971 to 2006. Clin Microbiol Rev 2010;23(3):507–28.

 [19] Garrison LE, et al. Vital signs: deficiencies in environmental control identified in out-
breaks of Legionnaires' disease—North America, 2000–2014. MMWR Morb Mortal 
Wkly Rep 2016;65(22):576–84.

 [20] Soda  EA, et  al. Vital signs: health care-associated Legionnaires' disease surveillance 
data from 20 states and a large metropolitan area—United States, 2015. MMWR Morb 
Mortal Wkly Rep 2017;66(22):584–9.

 [21] Beauté  J, on behalf of the European Legionnaires’ Disease Surveillance Network. 
Legionnaires’ disease in Europe, 2011 to 2015. Euro Surveill 2017;22(27):30566.

http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0025
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0025
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0030
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0030
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0035
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0035
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0040
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0040
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0045
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0045
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0050
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0050
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0055
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0055
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0055
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0060
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0060
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0065
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0065
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0065
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0070
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0070
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0070
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0075
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0075
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0075
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0080
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0080
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0080
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0080
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0085
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0085
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0085
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0085
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0090
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0090
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0090
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0095
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0095
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0095
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0100
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0100
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0100
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0105
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0105
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0105
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0110
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0110


92 Decontamination in Hospitals and Healthcare

 [22] Muraca PW, Yu VL, Goetz A. Disinfection of water distribution systems for legionella: 
a review of application procedures and methodologies. Infect Control Hosp Epidemiol 
1990;11(2):79–88.

 [23] Lin  YE, et  al. Legionella in water distribution systems. J Am Water Works Assoc 
1998;90:112–21.

 [24] Lin  YE, Stout  JE, Yu  VL. Disinfection of water distribution systems for Legionella. 
Semin Respir Infect 1998;13:147–59.

 [25] Stout JE, Yu VL. Experiences of the first 16 hospitals using copper-silver ionization for 
Legionella control: implications for the evaluation and other disinfection modalities. 
Infect Control Hosp Epidemiol 2003;24:563–8.

 [26] Lin  YE, Stout  JE, Yu  VL. Controlling Legionella in hospital drinking water: an 
evidence- based review of disinfection methods. Infect Control Hosp Epidemiol 
2011;32(2):166–73.

 [27] Evans G. What's in your water? Waterborne bugs can cause fatal infections. Hosp Infect 
Control Prev 2015;42(6):61–5.

 [28] Walker  JT, et  al. Investigation of healthcare-acquired infections associated with 
Pseudomonas aeruginosa biofilms in taps in neonatal units in Northern Ireland. J Hosp 
Infect 2014;86(1):16–23.

 [29] Kanamori H, Weber DJ, Rutala WA. Healthcare outbreaks associated with a water res-
ervoir and infection prevention strategies. Clin Infect Dis 2016;62(11):1423–35.

 [30] Fujitani S, et al. Pneumonia due to Pseudomonas aeruginosa: part I: epidemiology, clin-
ical diagnosis, and source. Chest 2011;139(4):909–19.

 [31] Brooke JS. Stenotrophomonas maltophilia: an emerging global opportunistic pathogen. 
Clin Microbiol Rev 2012;25(1):2–41.

 [32] Walker J, Moore G. Safe water in healthcare premises. J Hosp Infect 2016;94(1):1.
 [33] Cedergren MI, Selbing AJ, Lofman O, Kallen BA. Chlorination byproducts and nitrate 

in drinking water and risk for congenital cardiac defects. Environ Res 2002;89:124–30.
 [34] Hosein IK, Hill DW, Tan TY, Butchart EG, Wilson K, Finaly G, et al. Point-of-care con-

trols for nosocomial legionellosis combined with chlorine dioxide potable water decon-
tamination: a two-year survey at a Welsh teaching hospital. J Hosp Infect 2005;61:100–6.

 [35] Srinivasan A, et al. A 17-month evaluation of a chlorine dioxide water treatment system 
to control Legionella species in a hospital water supply. Infect Control Hosp Epidemiol 
2003;24(8):575–9.

 [36] Zhang Z, et al. Safety and efficacy of chlorine dioxide for Legionella control in a hospi-
tal water system. Infect Control Hosp Epidemiol 2007;28(8):1009–12.

 [37] Sidari FP, Stout JE, Vanbriesen JM, Bowman AM, Grubb D, Neuner A, Wagener MM, 
Yu VL. Keeping Legionella out of water system. In: AWWA water quality technology 
conference, Seattle, WA, Nov.10–13; 96. 2004. p. 111–9.

 [38] Zhang Z, et al. Legionella control by chlorine dioxide in hospital water systems. J Am 
Water Works Assoc 2009;101(5):117–27.

 [39] Makin T. Control of Legionellae in domestic water systems and potential energy savings 
resulting from the control of Legionellae with chlorine dioxide. In: 15th international 
federation of hospital engineering congress, Edinburgh, Scotland; 1998.

 [40] Ricci ML, et al. A four-year experience of a chlorine dioxide treatment for the control of 
Legionella in a hospital water system. ISTISAN Congressi 2005;05(C2):18.

 [41] Hood J, et al. Six years' experience with chlorine dioxide in control of Legionella pneu-
mophila in potable water supply of Glasgow Royal Infirmary. Am J Infect Control 
2000;28(1):86.

http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0115
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0115
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0115
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0120
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0120
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0125
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0125
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0130
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0130
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0130
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0135
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0135
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0135
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0140
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0140
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0145
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0145
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0145
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0150
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0150
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0155
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0155
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0160
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0160
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0165
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0170
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0170
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0175
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0175
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0175
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0180
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0180
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0180
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0185
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0185
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0190
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0190
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0190
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0195
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0195
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0200
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0200
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0200
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0205
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0205
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0210
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0210
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0210


Control of Legionella in hospital potable water systems 93

 [42] Doleans A, et al. Clinical and environmental distributions of Legionella strains in France 
are different. J Clin Microbiol 2004;42(1):458–60.

 [43] Marchesi I, et al. Monochloramine and chlorine dioxide for controlling Legionella pneu-
mophila contamination: biocide levels and disinfection by-product formation in hospital 
water networks. J Water Health 2013;11(4):738–47.

 [44] Bova G, Sharpe P, Keane T. Evaluation of chlorine dioxide in potable water systems for 
Legionella control in an acute care hospital environment. In: 65th annual international 
water conference, Pittsburgh, PA; 2004.

 [45] Casini B, et al. Molecular epidemiology of Legionella pneumophila serogroup 1 isolates 
following long-term chlorine dioxide treatment in a university hospital water system. J 
Hosp Infect 2008;69(2):141–7.

 [46] Zhang Z, et al. Effect of pipe corrosion scales on chlorine dioxide consumption in drink-
ing water distribution systems. Water Res 2008;42(1–2):129–36.

 [47] US Environmental Protection Agency (USEPA). National primary drinking water rules: 
disinfectants-disinfection by-products. Final rule. Fed Regist 1998;241.

 [48] Condie  LW. Toxicological problems associated with chlorine dioxide. J Am Water 
Works Assoc 1986;78(6):73–8.

 [49] US Environmental Protection Agency (USEPA). Pesticide registration: Clarification 
for ion-generating equipment. EPA-HQ-OPP-2007-0949, Environmental Protection 
Agency, editor, Washington, DC: Federal Register; 2007.

 [50] Taylor RH, et  al. Chlorine, chloramine, chlorine dioxide, and ozone susceptibility of 
Mycobacterium avium. Appl Environ Microbiol 2000;66(4):1702–5.

 [51] Hsu  MS, et  al. Efficacy of chlorine dioxide disinfection to non-fermentative Gram-
negative bacilli and non-tuberculous mycobacteria in a hospital water system. J Hosp 
Infect 2016;93(1):22–8.

 [52] Sebakova H, et al. Incidence of nontuberculous mycobacteria in four hot water systems 
using various types of disinfection. Can J Microbiol 2008;54(11):891–8.

 [53] Kusnetsov J, et al. Copper and silver ions more effective against Legionellae than against 
mycobacteria in a hospital warm water system. Water Res 2001;35(17):4217–25.

 [54] Biurrun A, et al. Treatment of a L. pneumophila-colonized water distribution system us-
ing copper-silver ionization and continuous chlorination. Infect Control Hosp Epidemiol 
1999;20:426–8.

 [55] Lee JV, Surman SB, Kirby A, Seddon F. Eleven years of experience with novel strat-
egies for Legionella control in a large teaching hospital. In: Kwaik  YA, Marre  R, 
Bartlett C, Cianciotto NP, Fields BS, Frosch M, Hacker J, Luck PC, editors. Legionella. 
Washington, DC: American Society for Microbiology; 2002. p. 398–401.

 [56] Chen  YS, et  al. Efficacy of point-of-entry copper—silver ionisation system in erad-
icating Legionella pneumophila in a tropical tertiary care hospital: implications for 
hospitals contaminated with Legionella in both hot and cold water. J Hosp Infect 
2008;68(2):152–8.

 [57] Thompson RB, et al. Use of Tarn-Pure to eradicate Legionella pneumophila from a hos-
pital hot water system (abstract #L18). In: General meeting of the American Society for 
Microbiology; Anaheim, CA: American Society for Microbiology; 1990.

 [58] Liu Z, et al. Controlled evaluation of copper-silver ionization in eradicating Legionella 
pneumophila from a hospital water distribution system. J Infect Dis 1994;169:919–22.

 [59] Liu Z, et al. Intermittent use of copper-silver ionization for Legionella control in water 
distribution systems: a potential option in buildings housing individuals at low risk of 
infection. Clin Infect Dis 1998;26:138–40.

http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0215
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0215
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0220
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0220
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0220
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0225
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0225
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0225
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0230
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0230
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0230
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0235
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0235
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0240
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0240
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0245
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0245
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0250
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0250
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0250
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0255
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0255
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0260
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0260
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0260
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0265
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0265
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0270
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0270
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0275
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0275
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0275
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0280
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0280
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0280
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0280
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0285
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0285
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0285
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0285
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0290
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0290
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0290
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0295
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0295
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0300
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0300
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0300


94 Decontamination in Hospitals and Healthcare

 [60] Stout JE, Brennen C, Muder RR. Legionnaires' disease in a newly constructed long-term 
care facility. J Am Geriatr Soc 2000;48:1589–92.

 [61] Lin YE, et al. Legionnaires' disease in an apartment building: disinfection methods and 
recommendations. In: 1st World Water Congress of the International Water Association; 
Paris: International Water Association; 2000.

 [62] Mietzner S, et al. Efficacy of thermal treatment and copper-silver ionization for con-
trolling Legionella pneumophila in high-volume hot water plumbing systems in hospi-
tals. Am J Infect Control 1997;25(6):452–7.

 [63] Colville A, et al. Outbreak of Legionnaires' disease at a University Hospital, Nottingham: 
epidemiology, microbiology, and control. Epidemiol Infect 1993;10:105–16.

 [64] Cachafeiro SP, Naveira IM, Garcia IG. Is copper-silver ionisation safe and effective in 
controlling legionella? J Hosp Infect 2007;67(3):209–16.

 [65] Modol J, et al. Hospital-acquired legionnaires disease in a university hospital: impact of 
the copper-silver ionization system. Clin Infect Dis 2007;44(2):263–5.

 [66] Maki DG, Stolz S, MARX JA. A decade of total prevention of endemic nosocomial 
legionellosis by continuous silver-copper ionization of hospital water. In: Interscience 
Conference on Antimicrobial Agents and Chemotherapy (ICAAC), Chicago, IL; 2007.

 [67] Fiore AE, et al. A survey of methods to detect nosocomial legionellosis among partici-
pants in the National Nosocomial Infectious Surveillance System. Infect Control Hosp 
Epidemiol 1999;20:412–6.

 [68] Almeida  D, et  al. Are there effective interventions to prevent hospital-acquired 
Legionnaires' disease or to reduce environmental reservoirs of Legionella in hospitals? 
A systematic review. Am J Infect Control 2016;44(11):e183–8.

 [69] Cloutman-Green E, et al. Controlling Legionella pneumophila in water systems at re-
duced hot water temperatures with copper and silver ionization. Am J Infect Control 
2019;47(7):761–6.

 [70] Health and Safety Executive (HSE). Legionnaires' disease, technical guidance, HSG274, 
Part 2: The control of Legionella bacteria in hot and cold water systems. Health and 
Safety Guidance, editor, HSE Books; 2014.

 [71] Yang  G. Experimental studies on inactivating Legionella by monochloramine, chlo-
rine dioxide and DBNPA as disinfection alternatives in a pilot water plumbing system. 
[Master thesis]. University of Pittsburgh; 2000.

 [72] Centers for Disease Control and Prevention. Transmission of nosocomial Legionnaires 
disease. JAMA 1997;277(24):1927–8.

 [73] Rohr  U, et  al. Four years of experience with silver-copper ionization for control of 
Legionella in a German University Hospital hot water plumbing system. Clin Infect Dis 
1999;29:1507–11.

 [74] Lin YE, et al. Negative effect of high pH on biocidal efficacy of copper and silver ions 
in controlling Legionella pneumophila. J Appl Environ Microbiol 2002;68(6):2711–5.

 [75] Bowler WA, Bresnahan J, Bradfish AA. "Vitriolic" solution to the problem of Legionella 
contamination of a hospital water system. In: 9th annual scientific meeting of the Society 
for Healthcare Epidemiology of America; San Francisco, CA: Society for Healthcare 
Epidemiology of America; 1999.

 [76] Dziewulski DM, et al. Use of copper-silver ionization for the control of legionellae in 
alkaline environments at health care facilities. Am J Infect Control 2015;43(9):971–6.

 [77] Mathys W, Hohmann CP, Junge-Mathys E. Efficacy of copper-silver ionization in con-
trolling Legionella in a hospital hot water distribution system: a German experience. In: 
Marre R, Kwaik YA, Bartlett C, editors. Legionella. Washington, DC: American Society 
for Microbiology; 2002. p. 419–24.

http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0305
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0305
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0310
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0310
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0310
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0315
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0315
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0315
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0320
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0320
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0325
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0325
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0330
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0330
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0335
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0335
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0335
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0340
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0340
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0340
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0345
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0345
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0345
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0350
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0350
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0350
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0355
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0355
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0355
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0360
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0360
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0360
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0365
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0365
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0370
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0370
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0370
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0375
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0375
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0380
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0380
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0380
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0380
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0385
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0385
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0390
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0390
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0390
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0390


Control of Legionella in hospital potable water systems 95

 [78] Lin YE. Ionization failure not due to resistance. Clin Infect Dis 2000;31:1315–6.
 [79] Blanc DS, et al. Water disinfection with ozone, copper and silver ions, and temperature 

increase to control Legionella: seven years of experience in a university teaching hospi-
tal. J Hosp Infect 2005;60(1):69–72.

 [80] Lin  YE, Vidic  RD. Possible phosphate interference with copper-silver ionization for 
Legionella control. J Hosp Infect 2006;62(1):119.

 [81] Mietzner M, et al. Reduced susceptibility of Legionella pneumophila to the antimicro-
bial effects of copper and silver ions. In: 45th interscience conference on Antimicrobial 
Agents and Chemotherapy, Washington, DC; 2005.

 [82] Potocnik J, European Commission. 2014/85/EU: Commission Decision of 13 February 
2014 concerning the placing on the market for essential use of biocidal products contain-
ing copper (notified under document C(2014) 718). Off J Eur Union 2014;22–3. Brussels.

 [83] Shih  HY, Lin  YE. Efficacy of copper-silver ionization in controlling biofilm- and 
plankton- associated waterborne pathogens. Appl Environ Microbiol 2010;76(6):2032–5.

 [84] Huang HI, et al. In vitro efficacy of copper and silver ions in eradicating Pseudomonas 
aeruginosa, Stenotrophomonas maltophilia and Acinetobacter baumannii: implications 
for on-site disinfection for hospital infection control. Water Res 2008;42(1–2):73–80.

 [85] Orsi  GB, et  al. Legionella control in the water system of antiquated hospital build-
ings by shock and continuous hyperchlorination: 5 years experience. BMC Infect Dis 
2014;14:394.

 [86] Garcia MT, et  al. Persistence of chlorine-sensitive Legionella pneumophila in hyper-
chlorinated installations. J Appl Microbiol 2008;105(3):837–47.

 [87] Cooper IR, Hanlon GW. Resistance of Legionella pneumophila serotype 1 biofilms to 
chlorine-based disinfection. J Hosp Infect 2010;74(2):152–9.

 [88] Flynn  KJ, Swanson  MS. Integrative conjugative element ICE-betaox confers oxida-
tive stress resistance to Legionella pneumophila in  vitro and in macrophages. MBio 
2014;5(3):e01091-14.

 [89] Morris RD, et al. Chlorination, chlorination by-products, and cancer: a meta-analysis. 
Am J Public Health 1992;82(7):955–63.

 [90] Le Dantec C, et al. Chlorine disinfection of atypical mycobacteria isolated from a water 
distribution system. Appl Environ Microbiol 2002;68(3):1025–32.

 [91] Steed KA, Falkinham 3rd JO. Effect of growth in biofilms on chlorine susceptibility 
of Mycobacterium avium and Mycobacterium intracellulare. Appl Environ Microbiol 
2006;72(6):4007–11.

 [92] Roshani Edirisinghe EA, et al. Efficacy of calcium hypochlorite and ultraviolet irradia-
tion against Mycobacterium fortuitum and Mycobacterium marinum. Int J Mycobacteriol 
2017;6(3):311–4.

 [93] Wang H, et al. Effect of GAC pre-treatment and disinfectant on microbial community 
structure and opportunistic pathogen occurrence. Water Res 2013;47(15):5760–72.

 [94] Behnke S, et al. Comparing the chlorine disinfection of detached biofilm clusters with 
those of sessile biofilms and planktonic cells in single- and dual-species cultures. Appl 
Environ Microbiol 2011;77(20):7176–84.

 [95] Mao G, et  al. Long-term effects of residual chlorine on Pseudomonas aeruginosa in 
simulated drinking water fed with low AOC medium. Front Microbiol 2018;9:879.

 [96] Ma X, Bibby K. Free chlorine and monochloramine inactivation kinetics of Aspergillus 
and Penicillium in drinking water. Water Res 2017;120:265–71.

 [97] Gao Y, et al. Monochloramine and chlorine dioxide as alternative disinfection methods 
for Legionella control. In: Annual meeting of the American Water Works Association, 
Denver, CO; 2000.

http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0395
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0400
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0400
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0400
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0405
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0405
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0410
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0410
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0410
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0415
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0415
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0415
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0420
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0420
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0425
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0425
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0425
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0430
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0430
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0430
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0435
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0435
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0440
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0440
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0445
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0445
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0445
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0450
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0450
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0455
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0455
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0460
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0460
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0460
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0465
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0465
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0465
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0470
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0470
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0475
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0475
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0475
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0480
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0480
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0485
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0485
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0490
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0490
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0490


96 Decontamination in Hospitals and Healthcare

 [98] Donlan R, et al. Monochloramine disinfection of biofilm-associated Legionella pneu-
mophila in a potable water model system. In: Marre  R, et  al., editors. Legionella. 
Washington, DC: American Society for Microbiology; 2002. p. 406–10.

 [99] LeChevallier  MW, Cawthon  CD, Lee  RG. Factors promoting survival of bacteria in 
chlorinated water supplies. Appl Environ Microbiol 1988;54:649–54.

 [100] Wang H, et al. Effect of disinfectant, water age, and pipe material on occurrence and 
persistence of Legionella, mycobacteria, Pseudomonas aeruginosa, and two amoebas. 
Environ Sci Technol 2012;46(21):11566–74.

 [101] Coniglio  MA, Melada  S, Yassin  MH. Monochloramine for controlling Legionella in 
biofilms: how much we know? J Nat Sci 2015;1(2):e44.

 [102] Kool JL, Carpenter JC, Fields BS. Effect of monochloramine disinfection of municipal 
drinking water on risk of nosocomial Legionnaires' disease. Lancet 1999;353:272–7.

 [103] Flannery  B, Gelling  LB, Vugia  DJ, Weintraub  JM, Salerno  JJ, Conroy  MJ, et  al. 
Reducing Legionella colonization in water systems with monochloramine. Emerg Infect 
Dis 2006;12(4):588–96.

 [104] Melada S, Coniglio M. Monochloramine for remediation of Legionella only in domestic 
hot water systems: an iron fist in a Velvet Glove. Open J Prev Med 2015;5:143–50.

 [105] Marchesi I, Marchegiano P, Bargellini A, Cencettic S, Frezza G, Miselli M, Borella P. 
Control of Legionella contamination in a hospital water distribution system by 
monochloramine. Am J Infect Control 2012;40:279–81.

 [106] Coniglio MA, et al. Continuous disinfection by monochloramine on domestic hot water 
system of health-care facilities for the control of Legionella contamination in Italy. J 
Health Sci 2015;3:11–7.

 [107] Coniglio MA, Ferrante M, Yassin MH. Preventing healthcare-associated Legionellosis: 
results after 3 years of continuous disinfection of hot water with monochloramine and 
an effective water safety plan. Int J Environ Res Public Health 2018;15(8):1594.

 [108] Casini B, et al. Long-term effects of hospital water network disinfection on Legionella 
and other waterborne bacteria in an Italian university hospital. Infect Control Hosp 
Epidemiol 2014;35(3):293–9.

 [109] Kandiah S, Yassin MH, Stout JE. Monochloramine use for prevention of Legionella in 
hospital water systems. Infect Disord Drug Targets 2013;13:1–7.

 [110] Duda  S, et  al. Evaluation of a new monochloramine generation system for con-
trolling Legionella in building hot water systems. Infect Control Hosp Epidemiol 
2014;35(11):1356–63.

 [111] Baron  JL, et  al. Effect of monochloramine treatment on the microbial ecology of 
Legionella and associated bacterial populations in a hospital hot water system. Syst 
Appl Microbiol 2015;38(3):198–205.

 [112] Baron JL, et al. Shift in the microbial ecology of a hospital hot water system follow-
ing the introduction of an on-site monochloramine disinfection system. PLoS ONE 
2014;9(7):e102679.

 [113] Heffelfinger  JD, et  al. Risk of hospital-acquired Legionnaires' disease in cities using 
monochloramine versus other water disinfectants. Infect Control Hosp Epidemiol 
2003;24:569–74.

 [114] Moore  MR, et  al. Introduction of monochloramine into a municipal water system: 
impact on colonization of buildings by Legionella spp. Appl Environ Microbiol 
2006;72(1):378–83.

 [115] Kool JL, et al. Hospital characteristics associated with colonization of water systems by 
Legionella and risk of nosocomial Legionnaires' disease: a cohort study of 15 hospitals. 
Infect Control Hosp Epidemiol 1999;20:798–805.

http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0495
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0495
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0495
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0500
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0500
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0505
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0505
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0505
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0510
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0510
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0515
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0515
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0520
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0520
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0520
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0525
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0525
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0530
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0530
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0530
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0535
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0535
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0535
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0540
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0540
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0540
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0545
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0545
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0545
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0550
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0550
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0555
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0555
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0555
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0560
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0560
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0560
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0565
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0565
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0565
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0570
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0570
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0570
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0575
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0575
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0575
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0580
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0580
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0580


Control of Legionella in hospital potable water systems 97

 [116] Pryor  M, et  al. Investigation of opportunistic pathogens in municipal drinking water 
under different supply and treatment regimes. Water Sci Technol 2004;50(1):83–90.

 [117] Arnitz R, Nagl M, Gottardi W. Microbicidal activity of monochloramine and chloramine 
T compared. J Hosp Infect 2009;73(2):164–70.

 [118] Tu H-Z, et al. Use of a disposable water filter for prevention of false-positive results due 
to nontuberculosis mycobacteria in a clinical laboratory performing routine acid-fast 
staining for tuberculosis. Appl Environ Microbiol 2007;73(19):6296–8.

 [119] Vonberg RP, Rotermund-Rauchenberger D, Gastmeier P. Reusable terminal tap water 
filters for nosocomial legionellosis prevention. Ann Hematol 2005;84(6):403–5.

 [120] Sheffer PJ, et al. Efficacy of new point-of-use water filter for preventing exposure to 
Legionella and waterborne bacteria. Am J Infect Control 2005;33(5 Supplement):S20–5.

 [121] Salvatorelli G, et al. Effectiveness of installing an antibacterial filter at water taps to 
prevent Legionella infections. J Hosp Infect 2005;61(3):270–1.

 [122] Daeschlein G, et al. Hygienic safety of reusable tap water filters (Germlyser(®)) with an 
operating time of 4 or 8 weeks in a haematological oncology transplantation unit. BMC 
Infect Dis 2007;7:45.

 [123] Cervia JS, et al. Point-of-use water filtration reduces healthcare-associated infections in 
bone marrow transplant recipients. Transpl Infect Dis 2010;12(3):238–41.

 [124] Holmes  C, Cervia  JS, Ortolano  GA, Canonica  FP. Preventive efficacy and cost- 
effectiveness of point-of-use water filtration in a subacute care unit. Am J Infect Control 
2010;38:69–71.

 [125] Marchesi  I, et  al. Effectiveness of different methods to control legionella in the wa-
ter supply: ten-year experience in an Italian university hospital. J Hosp Infect 
2011;77(1):47–51.

 [126] Barna  Z, et  al. Infection control by point-of-use water filtration in an intensive care 
unit—a Hungarian case study. J Water Health 2014;12(4):858–67.

 [127] Baron JL, et al. Field evaluation of a new point-of-use faucet filter for preventing expo-
sure to Legionella and other waterborne pathogens in health care facilities. Am J Infect 
Control 2014;42(11):1193–6.

 [128] Zhou ZY, et al. Removal of waterborne pathogens from liver transplant unit water taps in 
prevention of healthcare-associated infections: a proposal for a cost-effective, proactive 
infection control strategy. Clin Microbiol Infect 2014;20(4):310–4.

 [129] Ortolano GA, et al. Hospital water point-of-use filtration: a complementary strategy to 
reduce the risk of nosocomial infection. Am J Infect Control 2005;33(5 Suppl 1):S1–19.

 [130] Vianelli N, et al. Resolution of a Pseudomonas aeruginosa outbreak in a hematology 
unit with the use of disposable sterile water filters. Haematologica 2006;91(7):983–5.

 [131] Trautmann M, et al. Point-of-use water filtration reduces endemic Pseudomonas aerugi-
nosa infections on a surgical intensive care unit. Am J Infect Control 2008;36(6):421–9.

 [132] Florentin A, et al. Water and surface microbiologic quality of point-of-use water filters: 
a comparative study. Am J Infect Control 2016;44(9):1061–2.

 [133] Garvey MI, et al. Engineering waterborne Pseudomonas aeruginosa out of a critical care 
unit. Int J Hyg Environ Health 2017;220(6):1014–9.

 [134] Plecko V, et al. Outbreak of Pseudomonas aeruginosa in a neonatal intensive care unit: 
are point-of-use filters useful? Signa Vitae J Intensive Care Emerg Med 2017;13(1):75–9.

 [135] Totaro M, et al. Experimental comparison of point-of-use filters for drinking water ultra-
filtration. J Hosp Infect 2017;96(2):172–6.

 [136] Baranovsky  S, et  al. Tracking the spread routes of opportunistic premise plumbing 
pathogens in a haematology unit with water points-of-use protected by antimicrobial 
filters. J Hosp Infect 2018;98(1):53–9.

http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0585
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0585
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0590
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0590
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0595
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0595
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0595
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0600
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0600
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0605
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0605
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0610
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0610
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0615
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0615
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0615
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0620
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0620
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0625
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0625
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0625
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0630
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0630
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0630
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0635
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0635
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0640
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0640
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0640
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0645
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0645
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0645
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0650
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0650
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0655
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0655
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0660
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0660
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0665
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0665
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0670
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0670
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0675
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0675
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0680
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0680
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0685
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0685
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0685


98 Decontamination in Hospitals and Healthcare

 [137] Williams  MM, et  al. Point-of-use membrane filtration and hyperchlorination to pre-
vent patient exposure to rapidly growing mycobacteria in the potable water supply of a 
skilled nursing facility. Infect Control Hosp Epidemiol 2011;32(9):837–44.

 [138] Warris A, et al. Point-of-use filtration method for the prevention of fungal contamination 
of hospital water. J Hosp Infect 2010;76(1):56–9.

 [139] Eckmanns T, et al. UV light for elimination of Legionella. In: Marre R, et al., editors. 
Legionella. Washington, DC: American Society for Microbiology; 2002. p. 402–5.

 [140] Franzin L, Cabodi D, Fantino C. Evaluation of the efficacy of ultraviolet irradiation for 
disinfection of hospital water contaminated by Legionella. J Hosp Infect 2002;51(4):269.

 [141] Matulonis  U, Rosenfeld  CS, Shadduck  RK. Prevention of Legionella infections in a 
bone marrow transplant unit: multifaceted approach to decontamination of a water sys-
tem. Infect Control Hosp Epidemiol 1993;14:571–5.

 [142] Hall  KK, et  al. Ultraviolet light disinfection of hospital water for preventing noso-
comial Legionella infection: a 13-year follow-up. Infect Control Hosp Epidemiol 
2003;24:580–3.

 [143] Triassi  M, et  al. Clinical and environmental distribution of Legionella pneumoph-
ila in a university hospital in Italy: efficacy of ultraviolet disinfection. J Hosp Infect 
2006;62(4):494–501.

 [144] Leoni E, et al. Controlling Legionella and Pseudomonas aeruginosa re-growth in ther-
apeutic spas: implementation of physical disinfection treatments, including UV/ultrafil-
tration, in a respiratory hydrotherapy system. J Water Health 2015;13(4):996–1005.

 [145] Gerba  CP. Use of an ultraviolet light at point-of-dispense faucet to eliminate 
Pseudomonas aeruginosa. Am J Infect Control 2015;43(5):528–9.

 [146] Shin GA, et al. Inactivation of Mycobacterium avium complex by UV irradiation. Appl 
Environ Microbiol 2008;74(22):7067–9.

 [147] Hayes SL, et al. Assessing the effectiveness of low-pressure ultraviolet light for inac-
tivating Mycobacterium avium complex (MAC) micro-organisms. Lett Appl Microbiol 
2008;47(5):386–92.

 [148] Part 4—Protection Against Legionella; 2016. Volume A (Title 10), R. New York Codes, 
and Regulations, Editor, New York State.

 [149] Stout JE. Preventing legionellosis. ASHRAE J 2007;49:58–61.
 [150] Sehulster L, Chinn RY, Centers for Disease Control and Prevention. Guidelines for en-

vironmental infection control in health-care facilities: recommendations of CDC and 
the Healthcare Infection Control Practices Advisory Committee (HICPAC). MMWR 
Recomm Rep 2003;52(RR-10):1–42.

 [151] Chen YS, Liu YC, Lee SS, Lin YS, Tsai HC, Wann SR, et al. Abbreviated duration of 
superheat-and-flush and disinfection of taps for Legionella disinfection: lessons learned 
from failure. Am J Infect Control 2005;33:606–10.

 [152] Best  M, Goetz  A, Yu  VL. Heat eradication measures for control of nosocomial 
Legionnaires' disease. Implementation, education, and cost analysis. Am J Infect Control 
1984;12(1):26–30.

 [153] Stout JE. New disinfection options for controlling Legionella in building water systems. 
In: Association of Water Technologies Annual Convention and Exposition. Hollywood, 
FL: Association of Water Technologies; 2009.

 [154] Stout JE, et al. Disinfection of senior/assisted living long-term care facilities for preven-
tion of Legionnaires' disease: efficacy of a novel short course (30-day) treatment with 
copper-silver ionization. Am J Infect Control 2009;37(5):E151–2.

 [155] Van Kenhove E, et al. Overview and comparison of Legionella regulations worldwide. 
Am J Infect Control 2019;.

http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0690
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0690
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0690
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0695
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0695
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0700
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0700
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0705
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0705
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0710
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0710
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0710
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0715
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0715
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0715
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0720
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0720
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0720
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0725
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0725
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0725
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0730
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0730
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0735
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0735
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0740
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0740
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0740
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0745
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0745
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0750
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0755
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0755
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0755
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0755
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0760
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0760
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0760
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0765
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0765
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0765
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0770
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0770
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0770
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0775
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0775
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0775
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0780
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0780


Control of Legionella in hospital potable water systems 99

 [156] Stout  JE, Goetz A. Legionella pneumophila. In: Grota P, Allen V, Ackiss E, editors. 
APIC text of infection control and epidemiology. Washington, DC: Association for 
Professionals in Infection Control and Epidemiology; 2014.

 [157] Hargreaves J, Shireley L, Hansen S, Bren V, Fillipi G, Lacher C, Esslinger V, Watne T. 
Bacterial contamination associated with electronic faucets: a new risk for healthcare 
facilities. Infect Control Hosp Epidemiol 2001;22(4):202–5.

 [158] Merrer J, Girou E, Ducellier D, Clavreul N, Cizeau F, Legrand P, Leneveu M. Should 
electronic faucets be used in intensive care and hematology units? Intensive Care Med 
2005;31(12):1715–8.

 [159] Yapicioglu  H, Gokmen  TG, Yildizdas  D, Koksal  F, Ozlu  F, Kale-Cekinmez  E, 
Mert K, Mutlu B, Satar M, Narli N, Candevir A. Pseudomonas aeruginosa infections 
due to electronic faucets in a neonatal intensive care unit. J Paediatr Child Health 
2012;48:430–4.

 [160] Snydor ERM, Bova G, Gimburg A, Cosgrove SE, Perl TM, Maragakis LL. Electronic-
eye faucets: Legionella species contamination in healthcare settings. Infect Control 
Hosp Epidemiol 2012;33(3):202–5.

 [161] Risa  KJ, Stout  JE, Muder  RR. Intermittent flushing of outlets improved control of 
Legionella colonization in a hospital hot water system treated by CU/Ag ionization. 
In: Interscience conference on Antimicrobial Agents and Chemotherapy; Chicago, IL: 
American Society of Microbiology; 2003.

 [162] Allegheny County Health Department. Approaches to prevention and control of 
Legionella infection in Allegheny County Health Care Facilities. 2nd ed. Pittsburgh, PA: 
Allegheny County Health Department; 1997. p.1–15.

 [163] Maryland Health Department. Report of the Maryland Scientific Working Group to 
Study Legionella in water systems in health care institutions. Baltimore, MD: State of 
Maryland Department of Health and Mental Hygiene; 2000.

 [164] Bartram J, et al. Legionella and the prevention of legionellosis. Geneva: World Health 
Organization; 2007. p.92.

 [165] Duda S, et al. Lack of correlation between Legionella colonization and microbial popu-
lation quantification using heterotrophic plate count and adenosine triphosphate biolu-
minescence measurement. Environ Monit Assess 2015;187(7):393.

 [166] ASHRAE. ANSI/ASHRAE Standard 188-2018. In: Legionellosis: Risk management 
for building water systems. Atlanta, GA: American Society of Heating, Refrigerating 
and Air-Conditioning Engineers; 2018.

 [167] Francois Watkins LK, et  al. Lessons from an outbreak of Legionnaires' disease on a 
hematology-oncology unit. Infect Control Hosp Epidemiol 2017;38(3):306–13.

 [168] ASHRAE. ASHRAE Guideline 12-2000. In: Minimizing the risk of Legionellosis 
associated with building water systems. Atlanta, GA: American Society of Heating, 
Refrigerating and Air-Conditioning Engineers; 2000.

 [169] Centers for Disease Control and Prevention. Developing a water management program 
to reduce Legionella growth and spread in buildings. In: A practical guide to implement-
ing industry standards. Atlanta, GA: Centers for Disease Control and Prevention (CDC); 
2017.

 [170] Wright  DR, Centers for Medicare & Medicaid Services. Requirement to reduce 
Legionella risk in healthcare facility water systems to prevent cases and outbreaks of 
Legionnaires’ disease (LD). In: S&C 17-30-Hospitals/CAHs/NHs. 2017.

 [171] Gamage SD, et al. Legionnaires disease surveillance in US Department of veterans af-
fairs medical facilities and assessment of health care facility association. JAMA Netw 
Open 2018;1(2):e180230.

http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0785
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0785
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0785
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0790
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0790
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0790
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0795
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0795
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0795
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0800
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0800
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0800
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0800
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0805
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0805
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0805
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0810
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0810
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0810
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0810
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0815
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0815
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0815
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0820
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0820
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0820
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0825
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0825
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0830
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0830
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0830
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0835
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0835
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0835
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0840
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0840
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0845
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0845
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0845
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0850
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0850
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0850
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0850
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0855
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0855
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0855
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0860
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0860
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0860


100 Decontamination in Hospitals and Healthcare

 [172] Clancy CM, Department of Veterans Affairs, and Veterans Health Administration. VHA 
directive 1061: Prevention of healthcare-associated Legionella disease and scald injury 
from potable water distribution systems. 2014.

 [173] Local Laws of the City of New York, No. 77, Article 317 Cooling Towers. 2015.
 [174] European Working Group for Legionella Infections. EWGLI technical guidelines for the 

investigation, control, and prevention of travel associated Legionnaires' disease. 2011.
 [175] Health Service Executive and Health Protection Surveillance Centre. National guidelines 

for the control of Legionellosis in Ireland, 2009. Dublin: Health Protection Surveillance 
Centre; 2009.

 [176] Health and Safety Executive (HSE). Legionnaires' disease, technical guidance, HSG274, 
Part 1: The control of Legionella bacteria in evaporative cooling systems. Health and 
Safety Guidance, editor, HSE Books; 2014.

 [177] Health and Safety Executive (HSE). Legionnaires' disease, technical guidance, HSG274, 
Part  3: The control of Legionella bacteria in other risk systems. Health and Safety 
Guidance, editor, HSE Books; 2014.

 [178] Department of Health and Social Care. Health Technical Memorandum (HTM) 04-01: 
Safe water in healthcare premises; 2017.

http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0865
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0865
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0865
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0870
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0870
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0875
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0875
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0875
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0880
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0880
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0880
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0885
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0885
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0885
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0890
http://refhub.elsevier.com/B978-0-08-102565-9.00004-2/rf0890

	Control of Legionella in hospital potable water systems
	Introduction
	Systemic disinfection methods
	Chlorine dioxide
	Copper-silver ionization
	Hyperchlorination
	Monochloramine
	Point-of-use filtration
	UV light used alone or in combination with other disinfectants
	Advantages and disadvantages of systemic disinfection methods

	Emergency disinfection methods
	Selection and validation of disinfection method
	Regulatory requirements, standards, and guidelines
	Conclusion
	References




