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Visiting wellness centres is considered safe and relax-
ing and might provide health benefits for visitors 
with certain cardiovascular, dermatological or res-
piratory diseases. On the other hand, wellness cen-
tres could pose health risks, especially with respect 
to Legionnaires’ disease. We investigated the role of 
wellness centres in the occurrence of Legionnaires’ 
disease by analysing the data of eight years (2002–
2010) of source investigation in the Netherlands. 
There were 15 wellness centres identified as potential 
sources of infection for a total of 35 Legionnaires’ dis-
ease patients. Twelve of these centres were positive for 
Legionella spp.: six for Legionella pneumophila, six for 
non-pneumophila Legionella spp.. Of the 65 positive 
environmental samples found during the wellness cen-
tre investigations, 41 were derived from shower heads. 
For two centres, the Legionella pneumophila strains in 
the collected samples had a genotype that was indis-
tinguishable from the patient isolates. These results 
show that wellness centres are potential sources of 
Legionnaires’ disease. 

Introduction
Apart from massages and beauty care most wellness 
centres offer a mix of saunas, swimming pools, whirl-
pools, and other bathing facilities to the general pub-
lic. Visiting these wellness centres is considered safe 
and relaxing and might even provide health benefits 
for visitors with certain cardiovascular, dermatologi-
cal or respiratory diseases [1,2]. On the other hand, 
is has been shown that facilities with whirlpools or 
saunas could comprise health risks, for example with 
respect to Legionnaires’ disease [3-5]. This acute pneu-
monia is caused by Legionella spp., which are thought 
to be responsible for two to 15% of all community-
acquired pneumonias [6-8]. Legionella spp. live in 
aquatic environments and are particularly prevalent 
in man-made habitats [9]. The major route of trans-
mission for Legionnaires’ disease is inhalation of the 

bacterium that is spread into the air as an aerosol from 
either natural or man-made sources [10]. Modern use 
of devices that aerosolise water or settings with such 
devices (e.g. air conditioners, showers, cooling towers, 
fountains, wellness centres), largely contribute to the 
emergence of Legionnaires’ disease as an important 
waterborne disease.

Previous reports showed that in several cases of 
Legionnaires’ disease, wellness centres (with saunas 
and/or whirlpools) were indeed identified as the source 
of infection [3-5]. However, further clarification of the 
role of these centres in Legionella infections warrants a 
systematic identification and investigation of potential 
sources of Legionnaires’ disease. In 2002, based on the 
observation that outbreaks of Legionnaires’ disease 
are often preceded and followed by small clusters of 
cases [11], the Netherlands established the Legionella 
Source Identification Unit (LSIU) as part of a National 
Legionella Outbreak Detection Programme (NLODP) 
[12]. The aim of this programme was to improve source 
identification, thereby preventing or controlling out-
breaks of Legionnaires’ disease by swift elimination of 
the source.

In this study we aimed to assess the importance of 
wellness centres in the occurrence of Legionnaires’ dis-
ease by analysing the data of eight years (2002–2010) 
of systematic source investigation within the NLODP in 
the Netherlands.

Methods
National Legionella Outbreak 
Detection Programme
As part of the NLODP, a LSIU was available to all 
Municipal Health Services for sampling of poten-
tial sources of Legionella infection in reported cases 
of Legionnaires’ disease. Between 2002 and 2006, 
all identified potential sources of infection were 
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investigated. From 2006 onwards, the LSIU has only 
investigated potential sources if at least one of the 
following four sampling-criteria was met: (i) A patient 
isolate of Legionella spp. from respiratory secretions or 
lung tissue is available; (ii) one of the potential sources 
of infection identified by a Legionnaires’ disease 
patient was previously identified as a potential source 
of a different Legionnaires’ disease patient; (iii) the 
residence of a reported Legionnaires’ disease patient 
is situated within a range of less than one kilometre 
from the residences of at least two other Legionnaires’ 
disease patients who were reported in the last six 
months; (iv) the patient stayed in a hospital during the 
incubation period.

Patients
Legionnaires’ disease has been notifiable in the 
Netherlands since 1987. Treating physicians are 
required to report cases of Legionnaires’ disease to 
a public health physician at one of the 29 Municipal 
Health Services within 24 hours of diagnosis. The 
public health physicians are then required to report 
all confirmed and probable cases of Legionnaires’ dis-
ease to the Ministry of Health and, since 2006, to the 
Centre for Infectious Disease Control, within 24 hours. 
A confirmed case of Legionnaires’ disease is defined 
as a patient suffering from symptoms compatible with 
pneumonia, with radiological signs of infiltration, and 
with laboratory evidence of Legionella spp. infection 
(including isolation of Legionella spp. from respiratory 
secretions or lung tissue, detection of L. pneumophila 
antigen in urine, seroconversion or a four-fold or higher 
rise in antibody titres to Legionella spp. in paired 
acute- and convalescent-phase sera). A probable case 
of Legionnaires’ disease is defined as a patient suf-
fering from symptoms compatible with pneumonia, 
with radiological signs of infiltration, and with labora-
tory findings suggestive of Legionella spp. infections 
(including a high antibody titre to Legionella spp. in a 
single serum, direct fluorescent antibody staining of 
the organism or detection of Legionella species DNA by 
polymerase chain reaction (PCR) in respiratory secre-
tions or lung tissue). All 62 microbiological laborato-
ries in the Netherlands involved in the diagnosis and 
treatment of patients with pneumonia are requested 
to send the available isolates of Legionella spp. from 
respiratory secretions or lung tissue of patients to the 
LSIU.

Given the purpose of the programme to identify Dutch 
sources of infection, patients who had stayed abroad 
for five days or more during their incubation period 
of two to 10 days were not considered for source 
identification.

Source identification and sampling procedure
Potential sources of infection were identified by public 
health physicians and nurses from the Municipal Health 
Service who interviewed the patient and/or a relative. 
The interview focused on tracking each patient’s expo-
sure to potential sources of infection during the two 

weeks before their first symptoms occurred. If at least 
one of the four sampling criteria was met, trained labo-
ratory staff from the LSIU took water and swab sam-
ples from the identified potential sources. For each 
location, sampling points were selected by the LSIU 
staff in cooperation with the technical team of a facility 
(when available) to obtain a comprehensive collection 
of water and swab samples for further analysis. The 
sampling procedure was in accordance with national 
guidelines [13,14]. It is noteworthy that the LSIU sam-
pling method differs slightly from the European guide-
lines, which recommend samples of one litre in volume 
to be collected immediately after the opening of the 
water outlet [15], while the LSIU samples 500 ml in 
volume.

Laboratory investigations
The water samples were concentrated by filtration 
and filtered residues were resuspended in 1 ml ster-
ile water. Of this suspension, 100 µl samples were 
cultured without dilution and after 10-fold dilution on 
two media at 35˚C, with increased humidity. The two 
media used were buffered charcoal yeast extract sup-
plemented with α-ketogluterate (BCYE-α) and (i) the 
antibiotics polymyxin B, cefazolin, and pimaricin; and 
(ii) the antibiotics polymyxin B, anisomysin, and vano-
mycin. In cases of bacterial overgrowth, cultures were 
repeated after pre-treatment by heating 30 minutes 
at 50˚C. Swab samples were dispersed by immersion 
in 1 ml sterile water and cultured as described above. 
Both patient and environmental Legionella isolates 
were serogrouped by using commercially available 
kits containing antisera against L.  pneumophila sero-
groups 1-14, L. longbeachae 1 and 2, L. bozemanii 1 
and 2, L.  dumoffii, L.  gormanii, L.  jordanis, L.  micda-
dei, and L. anisa (Legionella latex test, Oxoid Limited, 
Hampshire, England; Legionella antisera “Seiken,” 
Denka Seiken Co. Ltd., Tokyo, Japan). All Legionella 
pneumophila serogroup 1 strains that were found in 
patient isolates or in the collected samples were sub-
sequently genotyped by amplified fragment length 
polymorphism (AFLP) analysis, and by sequence 
based typing (SBT), as recommended by the European 
Working Group for Legionella Infections (EWGLI) [16-
18]. Patient isolates were then compared with envi-
ronmental strains that were found in the samples of 
potential sources that were investigated.

Control measures
Whenever a wellness centre was found positive for 
Legionella spp. after sampling, the responsible govern-
ment agency (usually the Inspectorate of the Ministry 
of Housing, Spatial Planning and the Environment 
(VROM Inspectorate)) was informed by the Municipal 
Health Services. They assessed how codes of prac-
tice and legal regulations concerning the prevention of 
Legionnaires’ disease had been followed, and recom-
mended or enforced control measures such as thermal 
or chemical disinfection and adaptation of the plumb-
ing system to prevent new cases of Legionnaires’ 
disease.
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Results
Patients
From 1 August 2002 until 1 August 2010, 2,076 con-
firmed or probable cases of Legionnaires’ disease were 
notified to the Centre for Infectious Disease Control. 
The 619 (30%) patients who had stayed abroad for 
five days or more during their incubation period (2–10 
days) were excluded from the analyses. The remain-
ing 1,457 patients were investigated by the Municipal 
Health Services and the LSIU. Patient characteristics 
are shown in Table 1. Patients had a median age of 59.5 
(interquartile range (IQR): 50.7–70.0) years, and 29% 
were female.

The 2,343 potential sources of infection that were men-
tioned by the patients during the interviews with the 
Municipal Health Service are shown in Table 2. Patient 
homes were mentioned by the majority of patients, 
followed by garden centres, workplaces, hospitals, 
cooling towers, and sports facilities. Wellness centres 
ranked 11th on the list of most often mentioned poten-
tial sources.

Source investigation
Source investigation resulted in the sampling of 1,317 
of the 2,343 potential sources by the LSIU that were 
related to one or more of the 1,457 patients. Some of 
the potential sources were more frequently associated 
with Legionella findings than others, which is reflected 
in the proportion of investigations where Legionella 
was found in the investigated source. The sampling 
results are shown in Table 3, where the sources are 
ranked by the percentage of positive source investi-
gations (from high to low). It should be noted that an 
individual source was sometimes investigated more 
than once (some sources were repeatedly identified by 
new patients during the study period). The proportion 
of potential source investigations that were positive for 
Legionella spp. was highest for wellness centres (28 of 
33 source investigations), followed by cooling towers, 
hospitals, hotels, swimming pools, sports facilities, 
holiday parks, and home residences (Table 3).

When the different species of Legionella are consid-
ered, the data show that in 21 of the 33 wellness cen-
tre investigations Legionella pneumophila was found 
in one or more of the investigated samples, ranking 

wellness centres first before cooling towers, hospitals, 
hotels, swimming pools, sport facilities, and holiday 
parks (Table 3). The majority of the 65 positive sam-
ples found during the wellness centre investigations 
were derived from shower heads (n=41). Other posi-
tive sample locations within the wellness centres were: 
taps (n=12) and whirlpools (n=3).

The 33 investigations of wellness centres were per-
formed at 15 unique sites. Twelve of these centres were 
positive for Legionella spp. (six centres for Legionella 
pneumophila, and six centres for non-pneumophila 
Legionella spp.). The number of investigations on indi-
vidual wellness centres testing positive for Legionella 
spp. ranged from one to seven. The 15 investigated 
wellness centres were identified by 35 patients, of 
whom 25 were part of different clusters associated with 
seven large and small wellness centres all positive for 
Legionella. There was one wellness centre with seven 
clustered patients, two centres with four patients, two 
centres with three patients, and two centres with two 
patients.

Genotype comparison
For 129 of the 333 positive source investigations that 
were performed between 2002 and 2010, there was a 
patient isolate available for genotyping which allowed 
comparison with the genotypes of the environmental 
strains found in the samples. In 33 cases the available 
patient isolate had an indistinguishable genotype from 
those of the environmental strains reflecting a success 
rate of 25 % (33/129). The majority of these ‘matches’ 
were made with strains from investigated hospitals 
(13 matches of 13 positive investigation with an avail-
able patient isolate), home residences (nine matches of 
47), hotels (two matches of two), swimming pools (two 
matches of seven), and wellness centres (two matches 
of 13).

Table 1
Probable or confirmed cases of Legionnaires’ disease, by 
age group, the Netherlands, 1 August 2002–1 August 2010 
(n=1,457)

Age group (years) Female n (%) Male n (%)
0–25 7 (1.7) 8 (0.8)
26–50 87 (20.7) 238 (23.0)
51–75 244 (58.1) 640 (61.7)
>75 82 (19.5) 151 (14.6)
Total 420 (100.0) 1,037 (100.0)

Table 2
Potential sources of infection (n=2,343) reported by 
Legionnaires’ disease cases (n=1,457), the Netherlands,  
1 August 2002–1 August 2010 

Reported potential source of infection n (%)
 Home residence 1,149 (49.0)
 Garden centre 146 (6.2)
 Workplace 138 (5.9)
 Hospital 115 (4.9)
 Cooling tower 89 (3.8)
 Sports facility 68 (2.9)
 Swimming pool 59 (2.5)
 Holiday park 48 (2.0)
 Hotel 47 (2.0)
 Car wash installation 47 (2.0)
 Wellness centre 44 (1.9)
 Campsite 39 (1.7)
 Fountain 38 (1.6)
 Other 316 (13.5)
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Discussion
Given the low ranking of potential sources mentioned 
by Legionnaires’ disease patients, wellness centres do 
not seem to contribute much to Legionnaires’ disease 
transmission. However, our data show that in 85% (28 
of 33) of all investigations wellness centres were posi-
tive for Legionella spp. This rate is remarkably higher 
compared to other types of potential sources like cool-
ing towers (18 of 33 (55%)), hospitals (34 of 68 (50%)), 
homes (139 of 693 (20%)) and garden centres (eight 
of 63 (13%)) that were identified, investigated and 
sampled under identical conditions. Moreover, typ-
ing results indicate that in more than 60% (six of 33) 
of all wellness centre investigations, Legionella pneu-
mophila, which is thought to be the etiologic agent 
in over 90% of all Legionnaires’ disease patients [19], 
was found in at least one of the samples. Compared 
to the other potential sources that were investigated, 
wellness centres account for the highest percentage of 
Legionella pneumophila positive source investigations, 
which further indicates the relatively high potential of 
wellness centres as sources of Legionnaires’ disease.

There are several possible explanations for our find-
ings. One of them is that the circumstances in wellness 
centres contribute to a Legionella-friendly environ-
ment. The abundant presence of showers, whirlpools, 
swimming pools and even air-perfused footbaths can 
clearly form a Legionella-friendly habitat and lead to 

free Legionella in the air. Additionally, the complexity 
of water piping systems due to subsequent enlarge-
ments of wellness centres could lead to standing or 
slow-flowing water and thereby create a stable micro-
environment for growth of Legionella.

Another possibility is that the visitors of wellness cen-
tres may be more at risk for Legionnaires’ disease com-
pared to individuals who do not visit these centres. 
Underlying chronic diseases and smoking status are 
known risk factors for Legionnaires’ disease [20]. If 
an overrepresentation of individuals who are at higher 
risk for Legionnaires’ disease among wellness centres 
visitors is confirmed, a possible public health inter-
vention would be to inform this group on the risks of 
wellness recreation. We were unfortunately not able 
to study this possibility in the current study setting. 
However, considering the remarkable source investiga-
tion results we do think that there is a role awaiting 
for public health education aimed at wellness centre 
visitors who are at increased risk for Legionnaires’ 
disease.

It is difficult to compare our results with previous 
European studies on surveillance of Legionnaires’ dis-
ease because of the absence of a systematic source 
identification and investigation programme in other 
countries. Although several outbreak reports have 
acknowledged wellness centres as an important 

Table 3
Results of investigations (n=1,317) of potential sources of infection reported by Legionnaires’ disease cases (n=1,457), the 
Netherlands, 1 August 2002–1 August 2010

Source type (n)a

Number of investigationsb for Legionella spp.

Positive for Legionella spp. Negative for 
Legionella spp. Total

L. pneumophila 
n (%)

non-pneumophila 
Legionella spp.

n (%)

L. pneumophila and 
non-pneumophila 

Legionella spp. n (%)

Total positive
n (%)

Total negative 
n (%)

Total
n (%)

 Wellness centre (n=15) 15 (45) 7 (21) 6 (18) 28 (85) 5 (15) 33 (100) 
 Cooling tower (n=30) 15 (45) 2 (6) 1 (3) 18 (55) 15 (45) 33 (100)
 Hospital (n=48) 14 (21) 15 (22) 5 (7) 34 (50) 34 (50) 68 (100)
 Hotel (n=14) 3 (20) 2 (13) 1 (7) 6 (40) 9 (60) 15 (100)
 Swimming pool (n=32) 5 (15) 5 (15) 2 (6) 12 (35) 22 (65) 34 (100)
 Sports facility (n=26) 4 (15) 3 (12) 1 (4) 8 (31) 18 (69) 26 (100)
 Holiday park (n=19) 3 (14) 3 (14) 0(0) 6 (27) 16 (73) 22 (100)
 Other (n=199) 19 (9) 31 (15) 3 (1) 53 (26) 150 (74) 203 (100)
 Home residence (n=693) 39 (6) 93 (13) 7 (1) 139 (20) 554 (80) 693 (100)
 Workplace (n=78) 6 (7) 8 (10) 2 (2) 16 (20) 66 (80) 82 (100)
 Car wash installation (n=11) 0(0) 2 (18) 0(0) 2 (18) 9 (82) 11 (100)
 Garden centre (n=51) 2 (3) 6 (10) 0(0) 8 (13) 55 (87) 63 (100)
 Fountain (n=11) 0(0) 1 (9) 0(0) 1 (9) 10 (91) 11 (100)
 Campsite (n=23) 1 (4) 1 (4) 0(0) 2 (9) 21 (91) 23 (100)
 Total (n=1,250) 126 (10) 179 (14) 28 (2) 333 (25) 984 (75) 1,317 (100)

L. pneumophila: Legionella pneumophila.
a This number represents the number of unique sources.
b A unique source could be the subject of more than one investigation if it was repeatedly identified by Legionnaires’ disease cases over the 

eight year period covered by this study.
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source of exposure in Legionnaires’ disease outbreaks 
[4,5], most European surveillance programmes do not 
include these specific potential sources in their sur-
veillance data [21,22]. The installation of a European 
surveillance programme in which systematic environ-
mental investigations are incorporated could elucidate 
the role of different potential sources in Legionnaires’ 
disease cases.

The strengths of this study are the nationwide detec-
tion and registration of new Legionnaires’ disease 
cases and additional source identification within the 
NLODP, which resulted in a systematic and uniform 
collection of data. Together with the systematic sam-
pling procedure of potential sources and the advanced 
serotyping and genotyping (AFLP and SBT) techniques, 
this enabled us to further clarify the role of well-
ness centres in Legionella infections in eight years of 
Legionnaires’ disease source identification efforts in 
the Netherlands.

Nevertheless, it should be kept in mind that the inves-
tigated wellness centres were not a random selection 
of all available centres in the Netherlands. Sampling 
of wellness centres was only performed according to 
the protocol of the NLODP. Furthermore, the ranking of 
the potential sources of infection that were mentioned 
by the patients is influenced by the overall presence 
of particular sources (there are clearly more home 
residences than wellness centres or car wash instal-
lations present in the environment). Random sampling 
of centres that are not directly linked to Legionnaires’ 
disease patients, for presence of Legionella could 
further elucidate the contribution of these centres to 
Legionnaires’ disease in the Netherlands. It should 
also be noted that despite the large number of posi-
tive source investigations in wellness centres, only two 
matches in genotype were found during the eight years 
of this study period. Although this is partly a reflec-
tion of the limited number of clinical isolates that were 
available for genotype comparison in case of a posi-
tive source investigation, a larger number of genotype 
matches that actually linked cases to wellness centres 
would have strengthened the evidence for the role of 
wellness centres in Legionnaires’ disease.

In conclusion, wellness centres are not merely the 
health promoting facilities they are often seen as, 
but also potential sources for Legionnaires’ disease. 
Despite control measures that are taken after iden-
tification of a first patient, some individual centres 
have been related to an accumulating number of 
Legionnaires’ disease patients over time. This ques-
tionable role of wellness centres requires increased 
attention from wellness centre owners, the VROM 
Inspectorate, water companies, and Municipal Public 
Health Services. Furthermore, as many sources remain 
unknown at the moment this could increase the number 
of identified sources of Legionnaires’ disease.
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