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Controlling Legionella and Pseudomonas aeruginosa
re-growth in therapeutic spas: implementation of physical
disinfection treatments, including UV/ultraﬁltration, in a
respiratory hydrotherapy system
E. Leoni, T. Sanna, F. Zanetti and L. Dallolio

ABSTRACT
The study aimed to assess the efﬁcacy of an integrated water safety plan (WSP) in controlling
Legionella re-growth in a respiratory hydrotherapy system located in a spa centre, supplied with
sulphurous water, which was initially colonized by Legionella pneumophila. Heterotrophic plate
counts, Pseudomonas aeruginosa, Legionella spp. were detected in water samples taken 6-monthly
from the hydrotherapy equipment (main circuit, entry to benches, ﬁnal outlets). On the basis of the
results obtained by the continuous monitoring and the changes in conditions, the original WSP,
including physical treatments of water and waterlines, environmental surveillance and
microbiological monitoring, was integrated introducing a UV/ultraﬁltration system. The integrated
treatment applied to the sulphurous water (microﬁltration/UV irradiation/ultraﬁltration), waterlines
(superheated stream) and distal outlets (descaling/disinfection of nebulizers and nasal irrigators),
ensured the removal of Legionella spp. and P. aeruginosa and a satisfactory microbiological quality
over time. The environmental surveillance was successful in evaluating the hazard and identifying
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the most suitable preventive strategies to avoid Legionella re-growth. Ultraﬁltration is a technology to
take into account in the control of microbial contamination of therapeutic spas, since it does not
modify the chemical composition of the water, thus allowing it to retain its therapeutic properties.
Key words

| Legionella spp., P. aeruginosa, respiratory hydrotherapy, sulphurous spa water,
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INTRODUCTION
Therapeutic spas are widespread throughout Italy, where

et al. ; Brousseau et al. ). L. pneumophila has

there are around 380 certiﬁed spa centres; of these, about

been the cause of sporadic cases or outbreaks of Legion-

a third includes respiratory hydrotherapy. The thermal

naires’ disease associated with spa water (Molmoret et al.

waters are used for both recreational and therapeutic pur-

; Ito et al. ; CDC ; Okada et al. ; Armstrong

poses in the form of baths, muds, hydro-massage and

& Haas ; Campese et al. ), while P. aeruginosa has

respiratory hydrotherapy. In some cases they may be con-

proved responsible for cases of infection related to the con-

taminated by micro-organisms of environmental origin

tact with spa water, including both folliculitis and

which can represent a potential health risk. Among the bac-

pneumonia (Huhulescu et al. ; Uldall Pallesen et al.

teria most commonly responsible for this contamination are

). The risk of infection increases when the water is neb-

the Legionella species (Verissimo et al. ; Martinelli et al.

ulized and administered in the form of aerosol for

; Alim et al. ; Kao et al. ; Zbikowska et al. )

respiratory hydrotherapy, which has been associated with

and Pseudomonas aeruginosa (Moore et al. ; Leoni

cases of Legionnaires’ disease (Arnow et al. ; Mastro
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et al. ; Woo et al. ; Leoni et al. ). A recent case

bacteriological monitoring of the respiratory hydrotherapy

of pneumonia due to L. pneumophila serogroup 1 was

system, in the context of a more general WSP, proved

reported in a 4-year old girl exposed to a home humidiﬁer

fundamental in showing the re-growth of Legionella spp.

used for aerosol therapy and supplied with contaminated

and in guiding decisions for the prevention of Legionella

water (Bonilla Escobar et al. ).

re-colonization of the waterlines.

The colonization by Legionella spp. of water systems is

The aim of this study is to assess the efﬁcacy of an inte-

difﬁcult to eradicate, due to the resistance of these micro-

grated WSP and the importance of its continuous review and

organisms to the most commonly applied physical and

adaptation on the basis of the changing conditions shown by

chemical disinfection treatments (Saby et al. ; Cooper

systematic monitoring. A further aim is to evaluate the feasi-

& Hanlon ; Tzu-Hsin et al. ). Furthermore, the

bility of the ultraﬁltration process which, in combination

peculiar chemical composition of the spa water that deter-

with other physical methods, can be particularly efﬁcacious

mines its therapeutic properties prevents the use of

in the control of the microbial contamination of spa water

traditional chemical disinfectants which would modify its

used for therapeutic purposes. In fact, by non-affecting the

characteristics by generating unwanted insoluble com-

mineral content in salts and metal ions, this technique is

pounds and/or disinfection by-products that are potentially

able to guarantee the maintenance of therapeutic properties

toxic (Zwiener et al. ; LaKind et al. ; Florentin

of the water, while it provides an effective barrier for bac-

et al. ). Several different physical methods of disinfection

teria, viruses, suspended particles and colloids (CDC ;

such as superheat and ultraviolet radiations have been used,

Pizzichini et al. ; Molelekwa et al. ).

with varying levels of success (Stout et al. ; Hall et al.
; Costa et al. ). Another technique that has been
applied for the decontamination of various types of water

MATERIALS AND METHODS

is ultraﬁltration, a process that makes use of semipermeable
membranes with pores measuring 0.001–0.1 micrometers,

Respiratory hydrotherapy system

driven by the force of the trans membrane pressure (TMP).
Ultraﬁltration has been proposed as an advanced treatment

The respiratory hydrotherapy system is supplied by natural

for drinking water (Flores et al. ; Guo et al. ) and

sulphurous water. In the period 2003–2004 the system was

wastewater (Margot et al. ; Raffin et al. ), while

found to be colonized by L. pneumophila serogroup 1 and

Barbot & Moulin () proposed a method combining

5 and consequently underwent corrective measures that

ultraﬁltration and activated carbon absorption in the treat-

were able to control the Legionella contamination, as pre-

ment of swimming pool water, obtaining a satisfactory

viously described in the article reporting the results at 1

water disinfection and clariﬁcation and also a decrease in

year of follow-up (Leoni et al. ). Review and adaptations

the concentration of combined residual chlorine.

to the initial WSP are detailed in Table 1. Initially, the sulW

This study describes the results of the monitoring of the

phurous water, at a source temperature of 16–17 C, was

microbiological quality of the sulphurous spa water coming

pumped from the well and carried to a boiler, where it

from a system for respiratory hydrotherapy, which in 2003

was heated to 30 ± 2 C. The heated water was then fed

was found to be colonized by L. pneumophila. The contami-

into a stainless steel ring circuit (main circuit), with

nation was abated by making some structural adjustments

branches leading to ﬁve benches where the ﬁnal distribution

and implementing a water safety plan (WSP) that included

points were situated in the form of devices for nasal irriga-

a protocol of periodic heat disinfection and the systematic

tion and nebulizers for aerosol-therapy. The water lines of

microbiological monitoring of the water quality. A descrip-

the benches are made of Teﬂon (main pipe) and silicone

tion of these interventions and the results obtained in the

(ﬂexible connections with the devices). The control plan

ﬁrst year of follow-up (2004–2005) have been previously

was then adjusted, in consequence of L. pneumophila re-

reported (Leoni et al. ). This paper now reports the

growth, by introducing a system of treatment with UV radi-

results of the subsequent follow-up, during which the

ations and ultraﬁltration and eliminating the shock heat
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Main interventions established by the WSP and its adaptations

Description of water treatment

Interventions initially established by the WSP (Leoni et al. 2006)

Review and adaptation of WSP

Microﬁltration: multi-cartridge ﬁlters (MIDI, Itaca Company, Italy)
porosity 20 μm
Water heat shock: the sulphurous water in the boiler is heated to
70–75 C twice a week for at least 3 hours
Waterlines heat shock: 3 times a week, on alternate days, the water
lines of the benches are treated with superheated steam (1 atm.)
which is introduced in the circuit for 1 hour and released from the
nebulizers at a temperature of at least 80 C
Chemical shock treatment in the event of re-growth: descaling with
nitric acid and shock disinfection with chlorine dioxide. Chlorine
dioxide is produced from the reaction between 9% hydrochloric
acid and 7.5% sodium chlorite and introduced into the network in
order to obtain a concentration of 20 ppm for 12 hours at the
points of use. After treatment, waterlines are rinsed with
sulphurous water until complete removal of chlorine dioxide

Unvaried

Every day the nozzles of the nebulizers and nasal irrigators are
taken off, descaled by immersion in nitric acid and disinfected by
means of immersion in stabilized chlorine dioxide solution
Every 10 cycles of disinfection with pressurized steam, the tubes,
connections and electrovalves of the devices are descaled and
disinfected following the same method. Periodically the water
pipes of the benches are replaced. Review of the list of
maintenance companies and suppliers of disinfection systems, for
prompt contact if necessary

Unvaried

Microbiological monitoring every 6 months and each time the
activity recommences after a period of closure (according to the
Italian guidelines for tourist-reception centres and spas)
(Conferenza permanente )

Unvaried

W

Heat shock eliminated; UV/
Ultraﬁltration introduced
Unvaried

W

Deﬁnition of modalities and
frequency of plant maintenance

Planning of environmental
monitoring

Unvaried

Unvaried

previously used (Table 1). Chemical treatment with chlorine

by a Wallenius AOT 42, 219-type quartz lamp (Wallenius

dioxide was introduced as a corrective emergency measure

Water AB, Sweden; www.walleniuswater.com) with a tita-

only in the event of Legionella re-growth. In the modiﬁed

nium catalyzer that favours the production of free radicals

protocol, the waterlines of each bench continued to be trea-

and thus enhances the disaggregation of the organic sub-

ted with superheat stream for 1 hour on alternate days.

stance and of the micro-organisms (Kim et al. ). The

However, the periodic heat shock was withdrawn due to

running conditions foresee a maximum capacity of 5 m3 h–1

the undesirable salt precipitation, and the water was no

and a pressure of 0.2–7 bar, for an exercise period of about

longer heated to 30 ± 2 C since this tended to create favour-

8 × 103 hours, after which the lamp is replaced. The lamp is

able conditions for microbial development.

certiﬁed to meet the strict new BRL K14010-1/01 guidelines

W

issued by Dutch quality assurance agency KIWA. At the
UV treatment/ultraﬁltration system

entry of each bench containing the irrigators and nebulizers,
the water is subjected to a process of ultraﬁltration. Each

The water coming from the well is ﬁrst treated with microﬁl-

ﬁlter unit has a total capacity of 0.48 m3 h–1 and consists of

tration in order to suppress the largest impurities. The

a cylindrical PVC shell containing several dozen hydrophilic

microﬁlter consists of a cylindrical stainless steel shell (AISI

hollow ﬁber membranes (4.2 mm in diameter) made of

316L, size Midi) containing three ﬁltering cartridges of poly-

polyethersulfone with multi-bore conﬁguration (UFK 50-

propylene with a porosity of 20 μm. After microﬁltration,

510-220; www.acquaspar.it/acquaspar.html). Each tubular

the water undergoes treatment with UV radiation produced

membrane is traversed longitudinally by seven capillaries
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0.8 mm in diameter. Under the force of a TMP of 2–8 bar, the

standardized methods stated by the Italian Agency for

water from the capillaries passes through the ﬁltering

Environment Protection and Technical Services (APAT)

material, which has a porosity of 0.03 μm. When the capacity

were used for the determination of the metal ions and

decreases due to the deposition of impurities onto the mem-

salts. Total concentrations of Ca, Mg, Na, K, Fe, and SiO2

brane, an automatic backwash is triggered whereby a valve

were measured by Inductively Coupled Plasma emission

opens that creates a preferential exit route for the water and

spectrometry (APAT IRSA/CNR , 3020). Chlorides

the impurities that have accumulated. Every 6 months the

and sulphates were measured using the technique of ion

ultraﬁltration units are cleaned with alkaline and acid

chromatography (APAT IRSA/CNR , 4020). Finally,

products.

the concentrations of bicarbonates and sulphides were
measured by the potentiometric method (APAT IRSA/
CNR , 2010/A) and the technique of oxidation by

Sampling

iodine (APAT IRSA/CNR , 4160), respectively.
Water samples were taken from different points of the
hydrotherapy plant, from the well to the ﬁnal outlets

Microbiological parameters

(nasal irrigators and aerosol devices). Samples were collected

microﬁltration/UV

Samples were taken in 1 L sterile bottles and analysed within

treatment, from the main ring circuit of the plant, on entry

from

the

well,

after

the

6 hours of collection. The following process indicators were

to benches (directly or after the ultraﬁltration unit of each

chosen: the total heterotrophic plate count at 22 C (HPC

bench), and from the ﬁnal outlets. The water from the well

22 C), the total heterotrophic plate count at 36 C (HPC

W

W

W

W

was sampled once a year, while the water from the other

36 C), P. aeruginosa and Legionella spp. The HPCs were

sampling points was collected every 6 months, in accord-

performed by pour plate method on Plate Count Agar (Bio-

ance with the protocol of the internal WSP. If monitoring

life) at 36 C and 22 C, for 48 hours and 72 hours,

showed an increase of heterotrophic plate counts (HPCs)

respectively, according to the ISO standard techniques (EN

and the detection of P. aeruginosa or Legionella spp., the

ISO 6222, 1999). Testing for bacteria belonging to Pseudo-

checks were intensiﬁed on the basis of the corrective

monas species was carried out by means of the standard

measures adopted, in order to assess their efﬁcacy. After

membrane ﬁltration technique using Pseudomonas Agar

the ﬁrst year of follow-up previously described (Leoni

Base with CFC supplement (Oxoid) as culture medium. For

W

W

et al. ), monitoring was carried out for a further

each test, a volume of 100 mL was ﬁltered using cellulose

period of about 9 years, before and after the implementation

acetate ﬁlters with a porosity of 0.45 μm (Millipore). After

of the new UV/ultraﬁltration system.

incubation at 30 C for 48 hours, colonies with morphology

W

W

typical of P. aeruginosa were tested for growth at 42 C and
Physical–chemical parameters

submitted to the oxidase test and the biochemical tests in
the API 20NE system (BioMerieux). Legionella spp. was

Water temperature, pH (potentiometric method UNI 1050/

detected according to the ISO11731 standard technique

1996) and conductivity (UNI EN 27888/1995) were deter-

(1998) by pouring 1 L of water through a nylon ﬁlter with

mined at the time of sampling. In the ﬁrst year after the

0.22 μm diameter pores (Millipore). The concentrate was sus-

implementation of the UV irradiation/ultraﬁltration system,

pended in 10 mL of sample water and vortexed for

chemical parameters were measured in the water sampled

15 minutes. An aliquot of the concentrate was examined as

four times a year, once per season, from the well (source

such, another aliquot was subjected to decontamination

untreated water) and at the entry to benches (treated

treatment with heat at 50 C for 30 minutes. Both the concen-

water). Acid-preserved glass bottles were used for sampling.

trated and decontaminated samples were plated on

The UNI ISO methods were used for the determination

Legionella GVPC selective Agar (Oxoid) and incubated at

W

W

W

of the residual level at 180 C (UNI 10506/1996) and

35 C in microaerophilic conditions for 14 days. The isolates

the oxydability (UNI EN ISO 8467/1995), while the

were identiﬁed on the basis of cultural, biochemical and
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serological features as previously described (Leoni & Leg-

well) and after the treatment with the combined UV

nani ; Leoni et al. ).

irradiation and ultraﬁltration processes (samples collected
at entry to benches). The main physico-chemical characteristics of the thermal water were not substantially altered

Statistical analysis

by the combined treatments. In particular, the sulphur conFor the statistical analysis the bacteriological data (cell forming units – CFU) were converted into Log10× to normalize

tent which gives the water its peculiar therapeutic properties
ranged between 2.60 and 3.40 mg L–1 in the well and

the non-normal distributions. For all negative samples, the

between 2.55 and 3.40 mg L–1 after the combined UV/ultra-

detection limits were used. The analysis of variance

ﬁltration process.

(ANOVA) test was applied to compare the HPCs detected

Table 3 compares the results of the microbiological

in the various sampling points, from the well to the ﬁnal

follow up, in the 4 years before the Legionella re-growth

devices (nasal irrigators and nebulizers) and before/after

and the 4 years after the introduction of the UV/ultraﬁltra-

the introduction of the ultraﬁltration treatment. All descrip-

tion system. Results are given at the various stages of the

tive and statistical analyses were carried out using the

water treatment. In the water of the well, the HPCs were

StatView program (Albacus Concepts Inc., Berkely, CA,

very low and P. aeruginosa and Legionella spp. were not

USA) for Apple Macintosh computer.

detectable throughout the entire period. Also in the main
circuit water, these bacteria were never detectable. However, before the introduction of the UV/ultraﬁltation
system, the HPCs signiﬁcantly increased in recirculation

RESULTS

water of the main circuit (22 : P < 0.01; 37 : P < 0.01), at
W

entry to the benches (22 : P < 0.001; 37 : P < 0.001) and in
W

Table 2 shows the mean composition in oligo-elements of

W

the ﬁnal points of use (22 : P < 0.001; 37 : P < 0.001),
W

sulphurous water at the source (samples collected from the

W

W

suggesting that a microbial bioﬁlm had formed inside the
tubes. In the benches, both at entry and in the distal devices,
Table 2

|

Physical and chemical parameters of the sulphurous water taken from the well

P. aeruginosa was occasionally isolated at low concen-

and after the UV irradiation/ultraﬁltration treatment (UV/UF)

trations. At the end of the 4-year period, L. pneumophila
serogroup 1 and 3 was recovered at the entry and from the

Mean ± SD
Physical–chemical
parameters

Units of
measure

pH

pH unit

Well (n: 4)

7.2 ± 0.2

distal distribution points of two benches with aerosol
After UV/UF
(n: 4)

7.1 ± 0.2

μS/cm–1

713.2 ± 29.8 696.5 ± 47.4

Residual level at 180 C

mg L–1

484.6 ± 10.4 478.0 ± 17.0

Oxydability (O2)

mg L–1

0.5 ± 0.1

0.6 ± 0.0

Chloride (Cl–)

mg L–1

15.1 ± 1.6

15.9 ± 2.8

Sulphate (SO2–
4 )

mg L–1

41.9 ± 5.1

37.6 ± 3.5

Dissolved iron (Fe)

mg L–1

0.02 ± 0.00 <0.02

Bicarbonate (HCO–3)

mg L–1

470.8 ± 11.3 465.5 ± 16.3

Calcium (Ca2þ)

mg L–1

118.1 ± 3.2

116.8 ± 5.9

Magnesium (Mg2þ)

mg L–1

24.0 ± 1.3

22.9 ± 1.6

Sodium (Naþ)

mg L–1

25.4 ± 0.6

25.4 ± 0.8

Potassium (Kþ)

mg L–1

2.0 ± 0.1

2.1 ± 0.1

Silicon dioxide (SiO2)

mg L–1

19.6 ± 2.6

20.4 ± 4.8

Hydrogen sulphide (H2S) mg L–1

3.0 ± 0.4

2.8 ± 0.4

W

Conductivity 20 C
W
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devices, while it was never detected in the main circuit
water.
Shock disinfection with chlorine dioxide was immediately performed in the contaminated bench waterlines, in
accordance with the internal WSP that established a chemical shock treatment in the event of re-growth of Legionella
spp. (Table 1). Shock treatment was followed by ﬂushing
with the spa water, which was allowed to ﬂow until all
residual chlorine dioxide had disappeared. Figure 1 shows
the trend of P. aeruginosa and L. pneumophila contamination in the 5 months following the shock treatment.
With a periodicity of about 3–4 weeks, the sulphurous
water was collected from the ﬁnal outlets of the two contaminated benches (for each sampling session: 5–9
samples per bench). Just 1 month after the shock treatment,
L. pneumophila serogroup 3 was re-isolated from the
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Bacterial contamination of the sulphurous water in the 4 years before (pre-monitoring) and after (post-monitoring) the implementation of the integrated UV/UF process

After microﬁltration/
Well
Microbiological
parameters

Pre
n: 4

Post
n: 5

UV irradiation (only in
post-monitoring)

Main circuit

Post
n: 10

Pre
n: 10

Post
n: 20

At entry to benches (in postmonitoring after ultraﬁltration)

Final distribution points

Pre
n: 26

Pre
n: 52

Post
n: 20

Post
n: 40

Temperature
W

Mean ( C)

15.4

15.8

16.2

30.9

17.8

30.7

17.7

31.4

18.1

1

0.6

0.4

2.5

0.6

1.4

0.3

1.4

1.3

Positive samples (%)

100

100

100

100

100

96.2

100

98.1

100

Geometric mean
(CFU mL–1)

2.9

5

5.4

49.0

6.7

33.7

3.1

89.9

12.5

Range (CFU mL–1)

(1–1.5 × 10) (3–10)

(2–6.0 × 10)

(7–4.1 × 102) (2–3.2 × 10) (0–4.0 × 102)

(1–1.1 × 10) (0–3.8 × 103)

(2–4.4 × 10)

Positive samples (%)

100

100

100

100

100

100

100

100

100

Geometric mean
(CFU mL–1)

2.7

5.8

7.6

50.9

5.5

26.8

3.8

56.1

16.8

Range (CFU mL–1)

(1–9)

(1–1.5 × 10) (3–2.9 × 10)

(2–5.2 × 102) (2–1.9 × 10) (3–3.2 × 102)

(2–1.3 × 10) (2–6.9 × 103)

(1–5.4 × 10)

0

0

0

0

0

W

SD ( C)

Legionella control in therapeutic spa

|

|

Table 3

W

HPC 37 C

W

HPC 22 C

P. aeruginosa
Positive samples (%)

0

0

7.7

15.4
(2–9.0 × 10)

(2–8)

L. pneumophila
Positive samples (%)

0

0

Range of positive samples
(CFU mL–1)

0

0

0

7.7
(1.5 × 102–2 × 103)

0

3.8
(8.0 × 102–2 × 103)

0
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water through the ultraﬁlters produced a further removal
of contamination. The combined processes, associated
with the periodic treatment with superheated steam, eliminated on a stable basis the contamination by Legionella
and P. aeruginosa from the ﬁnal distribution points, thus
avoiding a re-colonization of the system. The main physico-chemical characteristics of the thermal water were not
altered by the UV irradiation and the passage through the
ultraﬁlters. This represents an important advantage in a
water that owes its therapeutic properties to the natural contents of dissolved chemical substances (Salami et al. ;
Figure 1

|

P. aeruginosa and L. pneumophila occurrence in sulphurous water in the ﬁve
months following chemical shock treatment with ClO2 (each sampling session:
5–9 samples collected from both the contaminated benches).

Ottaviano et al. ; Prandelli et al. ). Other types of
treatment could, in fact, interfere with these natural substances. Chemical disinfectants, for example, could leave
traces of residual disinfectant in the water and generate dis-

waterlines of the two benches initially contaminated, at

infection by-products (Zwiener et al. ; Barbot & Moulin

levels between 5 × 10 CFU L–1 and 4 × 102 CFU L–1 respect-

; LaKind et al. ; Florentin et al. ). Also, the com-

ively. The percentage of positive samples progressively

bined process ultraﬁltration-activated carbon adsorption

increased over time.

used by Barbot & Moulin () for swimming pool water

The silicone waterlines of the contaminated benches

treatment cannot be applied to the sulphurous water used

were replaced with new pipes of the same material and

for therapeutic purposes, since the absorption process

the new protocol including the integrated system UV

would lead to a signiﬁcant removal of the dissolved mineral

irradiation/ultraﬁltration was introduced and implemented

content. Similarly, the high temperatures, causing the pre-

(Table 1). In the following 4 years L. pneumophila and

cipitation of the compounds in solution, could alter the

P. aeruginosa were no longer isolated in any of the moni-

composition of the water. Furthermore, it has been shown

tored

remained

that heat shock is not able to provide a lasting control of

signiﬁcantly lower than those recorded in the 4 years

contamination by Legionella (Farhat et al. ; Cristino

points

(Table

3).

Also,

the

HPCs

before the installation of the new integrated system, in the

et al. ). Our ﬁndings partly conﬁrm the inefﬁcacy of

main circuit water (22 : P < 0.01; 37 : P < 0.01), at entry to

heat shock in the long-term.

W

W

the benches (22 : P < 0.001; 37 : P < 0.001) and in the
W

W

distal points of use (22 : P < 0.05; 37 : P < 0.001).
W

W

The 10-year experience gained in this respiratory hydrotherapy plant shows that the actions of the WSP must be
adapted on the basis of the results obtained by monitoring
and the changes in conditions. Continuous monitoring, not

DISCUSSION

only microbiological, but also extended to checking the
compliance with the safety plan measures, is fundamental

The integration of the various physical treatments gave satis-

to identify the most suitable and integrated solutions to con-

factory results in controlling the contamination of the spa

trol and manage the infection risk by Legionella spp.

water used for respiratory hydrotherapy. UV irradiation contributed

to

maintain

the

low

level

of

microbial

contamination in the water circulating in the main circuit

CONCLUSIONS

of the hydrotherapy equipment: after UV irradiation,
W

HPCs at 22 and 37 C were signiﬁcantly lower compared

In the spa system examined, the internal WSP allowed

with those observed in the main circuit water before the

for the identiﬁcation at onset of the re-growth of L. pneumo-

introduction of UV irradiation. The subsequent passage of

phila in certain speciﬁc points and to avoid re-colonization
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through the prompt application of corrective measures. In
order for it to be effective, the control system must be
dynamic, that is to say open to modiﬁcations on the basis
of the period results, as well as integrated, that is to say
involving different, combined actions for the control of the
various critical points.
The treatments of sulphurous water (microﬁltration/UV
irradiation/ultraﬁltration), waterlines (superheated stream)
and distal outlets (protocol of descaling/disinfection of
nebulizers and nasal irrigators), used in combination,
ensured the maintenance over time of a satisfactory microbiological quality in the water and of its natural chemical
composition. These ﬁndings suggest that ultraﬁltration is a
technology to take into account in the control of microbial
contamination of therapeutic spas, and is also advantageous
in the long-term from an economic point of view, since the
initial installation costs are compensated over time by the
lower maintenance costs compared to the previous periodic
heat treatment that generated greater technical setbacks
(precipitation of salts, incrustation, blockages, etc.) as well
as high energy costs.

ACKNOWLEDGEMENTS
The study was supported by grants for Local Projects (RFO)
provided by the Italian Ministry of University and Scientiﬁc
Research. The authors are particularly grateful to the
manager and the personnel of the company ITACA Srl for
their much appreciated support in detailing the technical
characteristics of the UV irradiation/ultraﬁltration system.

REFERENCES
Alim, A., Hakgudener, Y. & Poyraz, O.  Legionella
pneumophila in thermal pools of hot springs in the central
Anatolian district. Mikrobiyol Bul. 36, 237–246.
APAT IRSA/CNR  Metodi analitici per le acque – Manuali e
linee guida (Analytical methods for water – Manual and
guidelines). APAT 29/2003. www.isprambiente.gov.it/
contentﬁles/00003400/3498-metodianaliticiacque.zip/view.
Armstrong, T. W. & Haas, C. N.  Legionnaires’ disease:
evaluation of a quantitative microbial risk assessment model.
J. Water Health 6 (2), 149–166.

Downloaded from https://iwaponline.com/jwh/article-pdf/13/4/996/394447/jwh0130996.pdf
by guest

Journal of Water and Health

|

13.4

|

2015

Arnow, P. M., Chou, T., Weil, D., Shapiro, E. N. & Kretzschmar,
C.  Nosocomial Legionnaires’ disease caused by
aerosolized tap water from respiratory devices. J. Infect. Dis.
146, 460–467.
Barbot, E. & Moulin, P.  Swimming pool water treatment by
ultraﬁltration-absorption process. J. Membr. Sci. 314, 50–57.
Bonilla Escobar, B. A., Montero Ribio, J. C. & Martinez Jarez, G.
 Legionella pneumophila pneumonia associated with the
use of a home humidiﬁer in an immunocompetent girl. Med.
Clin. (Barc). 142 (2), 70–72.
Brousseau, N., Lévesque, B., Guillemet, T. A., Cantin, P., Gauvin,
D., Giroux, J. P., Gingras, S., Proulx, F., Coté, P. A. &
Dewailly, E.  Contamination of public whirlpool spas:
factors associated with the presence of Legionella spp.,
Pseudomonas aeruginosa and Escherichia coli. Int. J.
Environ. Health Res. 23 (1), 1–15.
Campese, C., Roche, D., Clément, C., Fierobe, F., Jarraud, S., de
Waelle, P., Perrin, H. & Che, D.  Cluster of Legionnaires’
disease associated with a public whirlpool spa, France, April–
May 2010. Euro. Surveill. 15 (26), 19602.
CDC  Surveillance data from public spa inspections. United
States, May–September 2002. MMWR 53 (25), 553–555.
CDC  A Guide to Drinking Water Treatment Technologies for
Household Use. www.cdc.gov/healthywater/drinking/travel/
household_water_treatment.html (accessed 23 March 2015).
Conferenza permanente per i rapporti tra lo Stato le Regioni e le
Province autonome di Trento e Bolzano: Linee guida recanti
indicazioni sulla legionellosi per i gestori di strutture
turistico-ricettive e termali. Provvedimento 13.01.2005
(Permanent Conference for relations between the State, the
Regions and the Autonomous Provinces of Trento and
Bolzano: Guidelines setting out guidance on legionella risk
management in tourist facilities and spas. Measure
13.01.2005). G.U. Repubblica Italiana n. 28, 04.02.2005.
Cooper, I. R. & Hanlon, G. W.  Resistance of Legionella
pneumophila serotype 1 bioﬁlms to chlorine-based
disinfection. J. Hosp. Infect. 74, 152–159.
Costa, J., da Costa, M. S. & Veríssimo, A.  Colonization of a
therapeutic spa with Legionella spp: a public health issue.
Res. Microbiol. 161 (1), 18–25.
Cristino, S., Legnani, P. P. & Leoni, E.  Plan for the control of
Legionella infections in long-term care facilities: role of
environmental monitoring. Int. J. Hyg. Environ. Health 215
(3), 279–285.
Farhat, M., Trouilhé, M. C., Briand, E., Moletta-Denat, M., Robine,
E. & Frère, J.  Development of a pilot-scale 1 for Legionella
elimination in bioﬁlm in hot water network: heat shock
treatment evaluation. J. Appl. Microbiol. 108 (3), 1073–1082.
Florentin, A., Hautemanière, A. & Hartemann, P.  Health
effects of disinfection by-products in chlorinated swimming
pools. Int. J. Hyg. Environ. Health 214 (6), 461–469.
Flores, C., Ventura, F., Martin-Alonso, J. & Caixach, J. 
Occurrence of perﬂuorooctane sulfonate (PFOS) and
perﬂuorooctanoate (PFOA) in N.E. Spanish surface waters
and their removal in a drinking water treatment plant that

1004

E. Leoni et al.

|

Legionella control in therapeutic spa

combines conventional and advanced treatments in parallel
lines. Sci. Total Environ. 461–462, 618–626.
Guo, J., Wang, L., Zhu, J., Zhang, J., Sheng, D. & Zhang, X. 
Highly integrated hybrid process with ceramic ultraﬁltrationmembrane for advanced treatment of drinking water: a pilot
study. J. Environ. Sci. Health A Tox. Hazard. Subst. Environ.
Eng. 48 (11), 1413–1419.
Hall, K. K., Giannetta, E. T., Getchell-White, S. I., Durbin, L. J. &
Farr, B. M.  Ultraviolet light disinfection of hospital
water for preventing nosocomial Legionella infection: a 13year follow-up. Infect. Control Hosp. Epidemiol. 24, 580–583.
Huhulescu, S., Simon, M., Lubnow, M., Kaase, M., Wewalka, G.,
Pietzka, A. T., Stöger, A., Ruppitsch, W. & Allerberger, F. 
Fatal Pseudomonas aeruginosa pneumonia in a previously
healthy woman was most likely associated with a
contaminated hot tub. Infection 39 (3), 265–269.
Ito, I., Naito, J., Kadowaki, S., Mishima, M., Ishida, T., Hongo, T.,
Ma, L., Ishii, Y., Matsumoto, T. & Yamaguchi, K. 
Hot spring bath and Legionella pneumonia: an association
conﬁrmed by genomic identiﬁcation. Intern. Med. 41,
859–863.
Kao, P. M., Tung, M. C., Hsu, B. M., Chiu, Y. C., She, C. Y., Shen,
S. M., Huang, Y. L. & Huang, W. C.  Identiﬁcation and
quantitative detection of Legionella spp. in various aquatic
environments by real-time PCR assay. Environ. Sci. Pollut.
Res. Int. 20 (9), 6128–6137.
Kim, S., Ghafoor, K., Lee, J., Feng, M., Hong, J., Lee, D. U. &
Park, J.  Bacterial inactivation in water, DNA strand
breaking, and membrane damage induced by ultravioletassisted titanium dioxide photocatalysis. Water Res. 47 (13),
4403–4411.
LaKind, J. S., Richardson, S. D. & Blount, B. C.  The good, the
bad, and the volatile: can we have both healthy pools and
healthy people? Environ. Sci. Technol. 44 (9), 3205–3210.
Leoni, E. & Legnani, P. P.  Comparison of selective
procedures for isolation and enumeration of Legionella
species from hot water systems. J. Appl. Microbiol. 90, 27–33.
Leoni, E., Zanetti, F., Cristino, S. & Legnani, P. P.  Monitoring
and control of opportunistic bacteria in a spa water used for
aerosol hydrotherapy. Ann. Ig. 17, 377–384.
Leoni, E., Sacchetti, R., Zanetti, F. & Legnani, P. P.  Control
of Legionella pneumophila contamination in a respiratory
hydrotherapy system with sulfurous spa water. Infect. Control
Hosp. Epidemiol. 27 (7), 716–721.
Liu, W., Cheung, L. M., Yang, X. & Shang, C.  THM, HAA, and
CNCl formation from UV irradiation and chlor(am)ination of
selected organic waters. Water Res. 40 (10), 2033–2043.
Margot, J., Kienle, C., Magnet, A., Weil, M., Rossi, L., de
Alencastro, L. F., Abegglen, C., Thonney, D., Chèvre, N.,
Schärer, M. & Barry, D. A.  Treatment of micropollutants
in municipal wastewater: ozone or powdered activated
carbon? Sci. Total Environ. 461–462, 480–498.
Martinelli, F., Carasi, S., Scarcella, C. & Speziani, F. 
Detection of Legionella pneumophila at thermal spas. New
Microbiol. 24, 259–264.

Downloaded from https://iwaponline.com/jwh/article-pdf/13/4/996/394447/jwh0130996.pdf
by guest

Journal of Water and Health

|

13.4

|

2015

Mastro, T. D., Fields, B. S., Breiman, R. F., Campbell, J., Plikaytis,
B. D. & Spika, J. S.  Nosocomial Legionnaires’ disease
and use of medication nebulizers. J. Infect. Dis. 163,
667–671.
Molelekwa, G. F., Mukhola, M. S., Van der Bruggen, B. & Luis, P.
. Preliminary studies on membrane ﬁltration for the
production of potable water: a case of Tshaanda rural village
in South Africa. PLoS One 9 (8), e10505705057.
Molmoret, M., Jarraud, S., Mori, J. P., Pernin, P., Forey, F.,
Reyrolle, M., Vandenesch, F., Etienne, J. & Farge, P. 
Different growth rates in amoeba of genetypically related
environmental and clinical Legionella pneumophila
strains isolated from a thermal spa. Epidemiol. Infect. 126,
231–239.
Moore, J. E., Heaney, N., Millar, B. C., Crowe, M. & Elborn, J. S.
 Incidence of Pseudomonas aeruginosa in recreational
and hydrotherapy pools. Commun. Dis. Public Health 5 (1),
23–26.
Okada, M., Kawano, K., Kura, F., Amemura-Maekawa, J. &
Watanabe, H.  The largest outbreak of legionellosis in
Japan associated with spa baths: epidemic curve and
environmental investigation. Kansenshogaku Zasshi 79 (6),
365–374.
Ottaviano, G., Marioni, G., Giacomelli, L., La Torre, F. B., Stafﬁeri,
C., Marchese-Ragona, R. & Stafﬁeri, A.  Smoking and
chronic rhinitis: effects of nasal irrigations with sulfurousarsenical-ferruginous thermal water: a prospective, randomized,
double-blind study. Am. J. Otolaryngol. 33 (6), 657–662.
Pizzichini, M., Russo, C., Ferrero, E. & Tuccimei, E.  Le
tecnologie separative mediante membrana (The separation
technologies through membrane). Italian Agency for New
Technologies, Energy and the Environment (ENEA) – Ministry
of Economic Development, Report RSE/2009/19. www.enea.
it/it/Ricerca_sviluppo/documenti/ricerca-di-sistema-elettrico/
tecnologie-elettriche/rse19.pdf (accessed 23 March 2015).
Prandelli, C., Parola, C., Buizza, L., Delbarba, A., Marziano, M.,
Salvi, V., Zacchi, V., Memo, M., Sozzani, S., Calza, S., Uberti,
D. & Bosisio, D.  Sulphurous thermal water increases the
release of the anti-inﬂammatory cytokine IL-10 and
modulates antioxidant enzyme activity. Int. J. Immunopathol.
Pharmacol. 26, 633–346.
Rafﬁn, M., Germain, E. & Judd, S.  Wastewater polishing
using membrane technology: a review of existing
installations. Environ. Technol. 34 (5–8), 617–627.
Saby, S., Vidal, A. & Suty, H.  Resistance of Legionella to
disinfection in hot water distribution systems. Water Sci.
Technol. 52 (8), 15–28.
Salami, A., Dellepiane, M., Crippa, B., Mora, F., Guastini, L.,
Jankowska, B. & Mora, R.  Sulphurous water inhalations
in the prophylaxis of recurrent upper respiratory tract
infections. Int. J. Pediatr. Otorynolaryngol. 72, 1717–1722.
Stout, J. E., Lin, Y. S., Goetz, A. M. & Muder, R. R. 
Controlling Legionella in hospital water systems: experience
with superheat-and-ﬂush method and copper-silver
ionization. Infect. Control Hosp. Epidemiol. 19, 911–914.

1005

E. Leoni et al.

|

Legionella control in therapeutic spa

Tzu-Hsin, C., Tara, M. C., Ameet, P., Chauanwu, H. & Lutgarde,
R.  Differential resistance of drinking water bacterial
populations to monochloramine disinfection. Environ. Sci.
Technol. 48, 4038–4047.
Uldall Pallesen, K. A., Andersen, K. E. & Mørtz, C. G. 
Pseudomonas folliculitis after spa bath exposure. Ugeskr
Laeger. 174 (26), 1824–1825.
Verissimo, A., Marrao, G., da Silva, F. G. & da Costa, M. S. 
Distribution of Legionella spp. in hydrothermal areas in
continental Portugal and the island of Sao Miguel, Azores.
Appl. Environ. Microbiol. 57, 2921–2927.

Journal of Water and Health

13.4

|

2015

Woo, A. H., Goetz, A. & Yu, V. L.  Transmission of legionella
by respiratory equipment and aerosol generating devices.
Chest 102, 1566–1590.
Zbikowska, E., Walczak, M. & Krawiec, A.  Distribution of
Legionella pneumophila bacteria and Naegleria and
Hartmannella amoebae in thermal saline baths used in
balneotherapy. Parasitol. Res. 112 (1), 77–83.
Zwiener, C., Richardson, S. D., DeMarini, D. M., Grummt, T.,
Glauner, T. & Frimmel, F. H.  Drowing in disinfection
byproducts? Assessing swimming pool water. Environ. Sci.
Technol. 418 (2), 363–372.

First received 28 January 2015; accepted in revised form 29 April 2015. Available online 1 June 2015

Downloaded from https://iwaponline.com/jwh/article-pdf/13/4/996/394447/jwh0130996.pdf
by guest

|

