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Outbreaks
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Despite concerns about infection risks of floating 
tanks, outbreaks have rarely been reported. In May 
2017, an outbreak of skin rash occurred among visi-
tors of a floating tank open for the public in Norway. 
We assessed the extent and cause of the outbreak and 
the risk factors for infection in a retrospective cohort 
study among the visitors of the floating tank using a 
standardized web-based questionnaire. An environ-
mental investigation was conducted including micro-
biological analysis of the floating tank water. Of the 
46 respondents to the questionnaire (61 distributed), 
22 reported symptoms, most commonly palmar and 
plantar rash, swollen lymph nodes, ear canal pain and 
itching. None of the investigated risk factors, such as 
sex, age, duration of bathing or use of the shower after 
bathing, were significantly associated with illness. 
The results of the environmental investigation indi-
cated that the water was heavily contaminated by  P. 
aeruginosa  and heterotrophic bacteria. The outbreak 
investigation highlights the need to ensure adequate 
hygienic operation of floating tanks. Awareness about 
responsibilities should be raised among the operators 
of floating tanks and relevant operational parameters 
for floating tanks should be made available for local 
health authorities.

Introduction
A floating tank—also known as a float tank, floatation 
tank, isolation tank, immersion therapy tank, or sen-
sory deprivation tank [1]—is a shallow pool filled with 
salt water, which allows the user to float with minimal 
effort, simulating a feeling of weightlessness [2]. A 
typical floating tank is 30–45 cm in depth and is filled 
with a near-saturated (25–30%) mixture of potable 
water and magnesium sulphate (MgSO4 or EPSOM salt) 
that is heated to 34–37 °C [2]. Floating tanks are often 
used in wellness or therapeutic contexts, mainly for 
single-person use (Figure 1) [2] and are an increasingly 
popular way to reduce stress through the Restricted 

Environmental Stimulation Technique (floatation-REST) 
[3].

Since first introduced in the United States (US) in the 
1970s [4], commercial spas or salons with floating 
tanks have become widespread across Europe. Despite 
their growing popularity, floating tanks, as opposed to 
swimming pools and hot tubs, are largely unregulated 
in most countries [4]. Some examples of suggested 
operational routines exist, mainly in the US, Canada 
[1,4] and Germany [5]. According to commercial actors, 
manuals for management follow with the purchase of a 
floating tank. The high content of salt limits microbial 
growth in the floating tanks, but various disinfection 
practices are often used to maintain water quality, such 
as chlorine or ultraviolet lamps [1,2,4]. The water in the 
floating tank is usually continuously circulated via a 
treatment unit between users and should be regularly 
replaced with fresh water and newly added magnesium 
sulphate to reduce the risk of infection [1,2]. However, 
because replacing saturated salt water is expensive, it 
is typically only changed a few times per year [4].

In Norway, floating tanks are regulated by the Norwegian 
regulation for public pools and saunas. This requires 
that the floating tank is reported to the local health 
authorities before it opens to the public. However, spe-
cific guidelines for the management of floating tanks 
are not provided [6]. The regulation includes general 
requirements to ensure safe surroundings for all spa 
environments intended for public use, and specific 
requirements related to hygienic operation, includ-
ing circulation of water, disinfection and water quality 
standards for swimming pools. Specific requirements 
are set for the water quality standards; free, available 
chlorine at a range of temperatures, physical (turbidity, 
pH) and microbiological quality (maximum 10 colony 
forming units (cfu)/mL of heterotrophic plate count at 
37 °C and 0 cfu/100 mL Pseudomonas aeruginosa) [6]. 
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None of the specific requirements refers to the quality 
of saline water.

Infection risks in floating tanks are a concern for national 
and local public health representatives because float-
ing tanks have grown in popularity among the public 
and clear protocols for their inspection and operation 
are lacking [2,4]. The concern is mainly related to the 
presence of pathogenic bacteria owing to poor man-
agement of the floating tanks [2]. However, cases or 
outbreaks from visiting a floating tank have rarely been 
reported [2,4]. Against this backdrop, there have been 
calls for more knowledge on the management of float-
ing tanks, both under normal and worst-case scenario 
operating conditions, to inform best practices [4].

In Norway, there have been reports of cases and out-
breaks traced to whirlpools, but not to floating tanks 
[7]. Here, we describe an outbreak of skin rash traced 
to a portable floating tank in May 2017.

Outbreak detection
In May 2017, in a municipality in south-east Norway, 
a member of the public informed the local health 
authority that that their family and another family had 
developed rashes after bathing in a floating tank at a 
temporary art exhibition at a gallery 3 or 4 days earlier. 
The same person reporting had visited the out-of-hours 
emergency room and received a preliminary diagnosis 
of  P. aeruginosa  infection. The local health authority 
notified the art gallery where the floating tank was 
on display as an art installation, and the gallery 
immediately closed access to the floating tank. The art 
gallery then contacted the ca 150 visitors to the floating 
tank whom they were able to identify. In collaboration 
with the local health authority, the art gallery informed 
the visitors about the infection risk and advised them 
to seek healthcare if they had developed symptoms. A 
similar message was also spread in the local news.

The local health authority was then contacted by 
several other art gallery visitors who had developed 
symptoms after visiting the floating tank. Based on 
the clinical picture, P. aeruginosa  infections were sus-
pected. On 7 June, the local health authority asked the 
Norwegian Institute of Public Health for support, and 
a joint investigation was initiated into the extent and 
cause of the outbreak and the risk factors for infection 
in order to implement control measures and inform 
future float tank operations. Here, we describe the 
results of this investigation.

Methods

Epidemiological investigation
We performed a retrospective cohort study among 
users of the floating tank for the period when the tank 
was available for visitors, which was between the 
opening of the exhibition (12 May 2017) and the day 
the tank was closed after detection of the outbreak (30 
May 2017). As all the reported cases had been among 
the users of the tank, we did not include other gallery 
visitors.

The art gallery kept a list of visitors who had signed 
out towels and bathrobes before accessing the tank. 
Of these, 61 persons gave oral consent to be a part of 
the outbreak investigation when contacted by the art 
gallery administration. On 14 June 2017, the art gallery 
sent them the questionnaire link using SMS or email. 
No reminders were sent.

The web-based questionnaire was designed to collect 
information on demographics (age, sex, residency), 
use of the floating tank (date, duration, showering) 
and any symptoms (onset, duration, medical examina-
tion). The responder could tick off one or more of the 
following symptoms: rash/acne-like rash, swollen ten-
der lymph nodes, rash under the feet or on the hands, 
itching, diarrhoea, stomach pain, fever, pain in the ear 
canals, ear infection or other symptoms (if an answer 
was yes, an open ended comment field was possible). 
The questionnaire ended with an open question about 
the respondent’s opinion about the cause of their 
symptoms.

The outcome of interest was disease. We defined a 
case of infection as a person who used the floating 
tank during the time period 12 to 30 May 2017 and who 
had within 14 days of visiting developed two or more 
of the following symptoms: rash/acne-like rash, swol-
len tender lymph nodes, rash under the feet or on the 
hands, itching, fever, pain in the ear canals or otitis 
externa. The symptoms were self-reported, but some 
reported that they had been diagnosed by a medical 
doctor.

Data from the survey were imported to Excel for data 
management and analysis. The data were analysed 
according to descriptive epidemiological factors such 
as demographics (mean and median of age, sex), 

Figure 1 
A typical floating tank for single-person use in 
commercial spas

Photo: Colourbox.com. Reproduced with permission from Kzenon.
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illness characterisation and onset of the outbreak. We 
also compared the association between exposures 
(sex, age, length of immersion and showering) and 
disease. We calculated 95% exact confidence intervals 
using the mid-P method in Episheet.

Environmental investigation
The local health authority inspected the floating tank 
on 30 May 2017, the same time when the tank was 
closed to the public. The personnel involved at the art 
gallery were interviewed regarding the history of the 
operation of the float tank, the established routines 
for its maintenance and their knowledge of existing 
relevant legislations. Because the exhibition changed 
the external firm advising them on swimming pool 
hygiene, water sampling started first a week after the 
closure of the floating tank. On 7 June, the art gallery 
personnel collected one 1,000 mL sample of water 
from each of the following sites: the floating tank, the 
adjacent shower built in the floating tank structure and 

from the showers in the changing rooms (located in 
the basement of the art gallery). The sampling equip-
ment had been supplied by an accredited laboratory. 
Heterotrophic plate count and  P. aeruginosa  were 
chosen as agents for analysis because these have 
guideline values in the Norwegian regulation for pub-
lic pools and saunas. The samples were analysed by 
an accredited laboratory for coliform bacteria and  E.
coli  (according to ISO 9308–1:2014) by heterotrophic 
plate count (standard plate count) at 22 °C and 36 °C 
(according to ISO 6222:1999) and for  P. aeruginosa  in 
100 mL (according to ISO 16266:2008).

Ethical statement
Ethical approval was not needed because the 
Norwegian Institute of Public Health is able to access 
and use personal identifiable information for commu-
nicable disease outbreak investigations in the public 
interest. The questionnaires in this particular outbreak 
were distributed by the art gallery, and personal identi-
fiers were not a part of the dataset. The persons invited 
to the outbreak investigation had given oral consent to 
the art gallery before the questionnaire was sent.

Results

Descriptive and analytical epidemiology of the 
outbreak
A total of 61 people who visited the floating tank 
were invited to participate in the outbreak investiga-
tion and 46 of them responded. Of the respondents, 
29 were women, and the median age was 34 years 
(range: 6–80). Among the 46 respondents, 45 had used 
the floating tank during the study period. One of the 
responders reported not to have used the floating tank 
despite having signed out towel and bathrobe. We 
excluded this person from the analysis.

Of the 45 respondents who reported bathing in the 
floating tank, 22 fulfilled the definition for a case of 
infection. Eleven of them had sought healthcare. Four 
of those reported that their doctor in their respective 
local health area had taken microbiological samples 
from them; however, no results were made available 
to the Norwegian Institute of Public Health, during or 
after the outbreak investigation. As we did not have 
personal identifiers (only the gallery had), we could not 
pursue this further.

The most commonly reported symptoms among the 22 
cases were a palmar or plantar rash (n = 14), swollen 
lymph nodes (n = 13), ear canal pain (n = 12) and itching 
(n = 11). The duration of symptoms was mainly between 
7 and 14 days (Table 1).

The median time from bathing to development of symp-
toms was 2 days (range: 0–4). Most cases occurred 
after the floating tank had been in operation for 9 days 
(Figure 2). The floating tank was closed on 30 May 2017.
None of the investigated risk factors were significantly 
associated with the infection (Table 2).

Table 1
Characteristics and reported symptoms among cases, 
following bathing in a floating tank at an art exhibition, 
Norway, May 2017 (n = 22)

Characteristics of the suspected 
cases

Number of 
persons % 95% CI

Sex
Male 7 32 15–53
Female 15 68 47–85
Age group (years)
0–19 7 32 15–53
20–59 14 64 42–81
≥ 60 1 5 0–20
Duration of symptoms (days)
1–2 1 5 0–20
3–5 3 14 4–33
6–10 5 23 9–43
11–14 5 23 9–43
≥ 15 5 23 9–43
Symptoms present at the time of 
the survey 3 14 4–33

Reported symptomsa

Rash/acne-like rash 14 64 42–81
Swollen, tender lymph glands 13 59 38–78
Pain in the ear canals 12 55 34–74
Itching 11 50 30–70
Other symptoms 7 32 15–53
Fever 6 27 12–48
Otitis 4 18 6–38
Rash under the feet or on the 
hands 3 14 4–33

Stomach pain 1 5 0–20
Diarrhoea 0 0 0–13

CI: confidence interval.
a It was possible to report more than one option in the 

questionnaire.



4 www.eurosurveillance.org

Environmental investigation and inspection of 
the internal control systems
The floating tank (Figure 3), created in 1999, was part of 
a temporary exhibition at the art gallery. The art gallery 
personnel and a consultant pool specialist installed 
the floating tank according to the supplied instruction 
manual. The floating tank was filled with fresh water 
from the municipal water supply system and salt (mag-
nesium sulphate) was added before the opening of the 
exhibition. Personnel at the gallery were responsible 
for the management and routine maintenance of the 
floating tank. The pool specialist gave advice on salt 
and chlorination, including dose and monitoring. The 
exhibition period started on 12 May 2017 and lasted 
until 10 September 2017. 

Visitors borrowed towels and bathrobes before enter-
ing the floating tank, and they could be immersed for 
up to 20 min with a maximum of four people at the 
same time. The art gallery personnel handled the reg-
istration of borrowed and returned towels and bath-
robes. Towels and bathrobes were cleaned after each 
visitor, which was handled by a cleaning firm. The visi-
tors were encouraged to shower before and after the 
float to avoid reaction with the salt, as described in 
the operation manual of the floating tank. Showers 
were available in the existing staff changing rooms in 
the gallery, in addition to a shower that was a part of 
the design of the floating tank. This inbuilt shower was 
connected to the municipal water supply (fresh water). 
According to the art gallery personnel, most users 
chose to use the showers in the changing rooms.

Concentration of salt in the floating tank
At the opening of the floating tank to the public, the 
water in the tank had a salt concentration of ca 20%. A 
device to monitor the salt concentration was installed, 
but it was not in use during the operation of the float-
ing tank. The personnel had assumed, based on advice 

from the external consultant, that a 20% salt con-
centration was sufficient to inhibit microbial growth. 
This assumption had not been checked by conducting 
microbiological analysis during the time the floating 
tank was in operation before the outbreak.

The personnel at the art gallery reported that, based 
on advice from the pool specialist, chlorine (5 g of 
granular calcium hypochlorite 70%) was added into 
the water system of the floating tank once a week, the 
amount logged in a manual and chemical analyses of 
the total and free, available chlorine were conducted 
once a week. However, on request, only two measure-
ments of residual chlorine could be presented during 
the environmental investigation. On 26 May, the resid-
ual chlorine concentration was 0.02 mg/L and on 1 
June, it was 0.01 mg/L. Both results are lower than the 
guideline value in the Norwegian regulation for pub-
lic pools and saunas (0.9 mg/L at 34 °C for non-saline 
water) [6]. The measured levels of residual chlorine in 
the floating tank were not sufficient to deactivate bac-
teria in non-saline water. There is no guideline value for 
the concentration of free, available chlorine needed to 
inhibit growth in saline water.

Microbiological analysis of water samples
The microbiological laboratory reported no growth 
of faecal bacteria (E. coli) from any water sample, 
but “massive growth” of both  P. aeruginosa  and 
heterotrophic bacteria at 22 and 36 °C in samples of 
the water from the floating tank and from the inbuilt 
shower in the floating tank. The designation “massive 
growth” implied that it was impossible to quantify the 
cfu, indicating heavy contamination. The results of the 
samples from the changing room showers in the base-
ment were 9 cfu/mL heterotrophic bacteria at 22 °C, 15 
cfu/mL heterotrophic bacteria at 36 °C and 3 cfu/100 
mL P. aeruginosa, thus lower than in the floating tank 
areas.

Outbreak control measures
The personnel at the art gallery lacked formal training 
in the operation of floating tanks and relied on advice 
from the external consultant. The floating tank was not 
reported to the local health authority since the person-
nel at the art gallery were not aware of the current leg-
islation on public pools and saunas in Norway. When 
the floating tank was suspected as a source of the 
outbreak on 30 May 2017, it was immediately closed. 
Concurrently, the art gallery conducted a review of their 
operations of the floating tank and submitted neces-
sary documentation to the local health authorities. 
The floating tank was re-opened on 4 July 2017. On 17 
July, the art gallery contacted the local health author-
ity about difficulties maintaining proper chlorine levels 
and reported that they had drained and cleaned the 
floating tank and refilled it with fresh water and added 
salt. They also reported that they restricted the num-
ber of visitors in the tank. The local health authorities 
emphasised measures for hygienic operation, includ-
ing circulation of the water between users and daily 

Figure 2 
Epidemic curve of an outbreak of skin rash following 
bathing in a floating tank at an art exhibition, Norway, 
May 2017 (n = 21)
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exchange of the water with new salt added, to secure a 
stable level of residual chlorine. No further cases were 
reported after the re-opening of the floating tank.

Discussion
We have described an outbreak of skin rash among the 
users of a floating tank in Norway in May 2017. Half 
of the visitors to the floating tank developed symp-
toms such as palmar or plantar rash, swollen lymph 
nodes, ear canal pain or itching. The environmental 
investigation revealed that the floating tank water and 
surroundings were heavily contaminated with  P. aer-
uginosa  and heterotrophic bacteria. The water in the 
floating tank had low levels of residual chlorine, lower 
than recommended salt concentration and the water 
was not replaced or circulated.

The findings of  P. aeruginosa  during the outbreak 
investigation added to the initial suspicion of the 
cause based on clinical observations made early in this 
outbreak.  P. aeruginosa  is an opportunistic pathogen 
reported in pool and spa environments [8-10]. Cases of 
folliculitis caused by P. aeruginosa were first described 
in the mid-1970s in association with exposure in a 
whirlpool [11-16] and later also in association with 
hot tubs [17], swimming pools [18], saunas [18] and 
water slides [19]. Typical manifestations of the infec-
tion include swimmer’s ear (otitis externa), hot tub 
rash (folliculitis) and hot foot syndrome (plantar skin 
eruptions) [8,19,20]. Both healthy and immunocom-
promised users may become infected, and symp-
toms may last up to 6 weeks [8]. The most frequently 
reported symptoms and duration of the infections in 
this outbreak were similar to other reported  P. aer-
uginosa  outbreaks [21-24], however, we have no 

conclusive evidence that P. aeruginosa was the cause 
of this outbreak. Both the lack of patient samples and 
a lack of microbiological analysis for other pathogens 
than P. aeruginosa represent limitations in the outbreak 
investigation. Similar symptoms of skin infection may 
be caused by other pathogens such as Staphylococcus 
aureus,  Mycobacterium  spp.,  Streptococcus  spp., 
and  Acanthamoeba  spp. [9,10]. Although a relation-
ship between pathogen and patients’ symptoms could 
not be established, we believe that the heavily micro-
biologically contaminated water in the floating tank 
caused the symptoms of the patients.

Inadequate operational routines as revealed by the 
environmental investigation may have led to condi-
tions favourable to microbial growth [2,4], in particu-
lar a salt content at the lower end of the concentration 
(here approximately 20%) referred to as best practice 
[1], a lack of water circulation, and non-functional disin-
fection [2]. The recommended best practice for the salt 
content in floating tanks is 25–30%, which is near the 
saturation limit of magnesium sulphate (30% at 20 °C) 
[1]. This is a condition reported to inhibit growth of path-
ogenic microorganisms such as P. aeruginosa, Candida 
albicans, Enterococcus faecium and Aspergillus niger in 
water from floating tanks [25]. It is reported that there 
is only modest microbial activity at a salt concentration 
of approximately 20% [9]; however, microorganisms as 
Pseudomonas, Vibrio and Micrococcus spp. have been 
reported to tolerate maximum salt concentrations of 
10–20% [26]. The concentration of salt in the floating 
tank was estimated at 20% when the tank was opened 
but because this assumption was not verified by moni-
toring, the actual salt concentration may have been 
lower. Minor amounts of water were refilled to keep the 

Table 2
Risk of infection following bathing in a floating tank at an art exhibition, Norway, May 2017 (n = 22)

Factors Cases Non-cases Total Attack rate in %
Risk ratio 

 
(95% CI)

All bathers 22 23 45 49 –
Sex
Male 7 9 16 44 Ref
Female 15 14 29 52 1.2 (0.61–2.3)
Age group (years)
0–19 7 6 13 54 1.1 (0.59–2.1)
20–59 14 15 29 48 Ref
≥ 60 1 2 3 33 0.7 (0.13–3.6)
Duration of bathing (minutes)
1–10 15 19 34 44 Ref
≥ 11 7 4 11 64 1.4 (0.80–2.6)
Showers used before and after bathing
In the inbuilt shower in the floating tank 2 0 2 100 2.4 (1.58–3.6)
In changing room 13 18 31 42 Ref
Both 7 5 12 58 1.3 (0.71–2.2)

CI: confidence interval; Ref: chosen as reference to estimate risk ratios within the category.
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water level in the floating tank, and salt was added at 
the same time. However, the concentration of salt was 
not documented and it cannot be verified whether it 
was sufficient according to best practice.

Regular replacement of the water in floating tanks and 
circulation of the water after each visitor has been rou-
tinely highlighted as an effective measure to prevent 
microbiological growth in the floating tanks, along 
with disinfection measures [2,4]. The environmental 
investigation revealed that none of these measures 
had been in place for the floating tank in the outbreak. 
The chlorine content in the floating tank was too low 
to be effective (in the range of 0.01–0.02 mg/L). The 
personnel at the art gallery had not been trained to 
operate the floating tank and were not able to interpret 
the results of the testing conducted. However, they had 
been assured by the pool specialist that the results 
of the analysis were satisfactory. Despite operation 
according to guidelines and routines, pathogens such 
as P. aeruginosa have been detected in biofilms on the 
walls of pools [2]. This implies that circulation in com-
bination with disinfection alone may not effectively 
prevent microbiological growth; physical cleaning is 
also required. Another preventive measure is shower-
ing before entering the floating tank in order to remove 
skin particles and other organic material that could pro-
long bacterial survival [2]. The high turnover of visitors 
(up to 12 persons/h were allowed) in the floating tank 
may also have contributed to the microbial growth, by 
increasing the load of organic material in the water. 
The personnel at the art gallery were convinced that 
their operation was hygienically safe, but they lacked 
the competence to establish proper routines.

There is a possibility that the  P. aeruginosa  detected 
in the floating tank have been transferred via a per-
son visiting the floating tank [27]. There have been 
reports that – once introduced – pathogens may 
survive despite the saline environment [2]. If any  P. 

aeruginosa  (or other pathogenic microorganisms) had 
been introduced immediately after the opening of the 
floating tank on 12 May, it would probably have been 
inactivated by the saline environment in the floating 
tank. We believe that the deteriorated hygienic condi-
tion in the floating tank and the inbuilt shower caused 
the outbreak rather than a pathogen introduced via an 
infected person.

In the present outbreak, the risk of infection among 
those who bathed 11 min or longer was only slightly 
higher than those who bathed between 1 and 10 min, 
although the difference was not significant (relative risk 
(RR) = 1.4; 95% confidence interval (CI): 0.8–2.6). The 
dose–response relation of exposure to bathing water 
is not well understood; however, it has been hypoth-
esised that the density of microorganisms implies a 
greater risk than the exposure time [28]. Those who 
showered in the changing room appeared to be more 
protected against infection than those who showered 
in the shower inbuilt in the floating tank where the 
water was heavily contaminated with microbial growth, 
(RR = 2.4; 95% CI: 1.58–3.6). However, since only two 
cases reported to have used only the inbuilt shower, 
and none of the non-cases, the data are too sparse to 
be conclusive.

There are several limitations in this outbreak investi-
gation. Microbiological confirmation of the diagnosis 
in patients could have strengthened the investigation. 
Since we do not have results from patient samples, we 
do not know what caused the skin rash. As the environ-
mental investigation only included  P. aeruginosa  and 
no other pathogens, the outbreak investigation was 
biased towards this pathogen and did not consider the 
possibility of other microorganisms that may cause skin 
infections. Another limitation is the lack of information 
about gallery visitors who had not been exposed to the 
floating tank. However, the suspicion that the float-
ing tank was the source of the infection was strong 
and there is little reason to believe that there could 
have been other sources that could cause skin rashes 
(of similar magnitude) among the unexposed visitors. 
Owing to the small number of cases, the calculated 
attack rates may be by a result of chance and may not 
be valid as one value.

The list of visitors in the floating tank was not complete 
(e.g. registering was not conducted every day, hand-
written phone numbers were difficult to interpret). The 
lists kept for signing out towels and bathrobes were 
meant for other purposes that monitoring the visitors 
in the floating tank. This may have contributed to a 
suboptimal assessment of the total number of per-
sons with symptoms corresponding to the case defi-
nition. Initially, the art gallery assumed that as many 
as 600–700 persons had visited the floating tank; 
however, they were only able to identify ca 150 visitors 
who had signed out towels and bathrobes. Of these 
150 persons, ca 50 reported developing symptoms. 
Furthermore, the study population (n = 61) consisted 

Figure 3 
The floating tank from the exhibition, Norway, May 2017

Photo reproduced with permission from Øystein Thorvaldsen/
Henie Onstad Kunstsenter.
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of only those visitors who, when contacted by an art 
gallery representative, had given their oral consent to 
be invited to the outbreak investigation. We may have 
overestimated the attack rate since those who became 
sick may have had an interest in being a part of the 
investigation.

In Norway, floating tanks are subject to the regulations 
concerning public pools and saunas; however, they do 
not contain relevant guidelines for floating tanks [6]. 
Since floating tanks are distinct from swimming pools, 
concerns have been raised related to operational fac-
tors such as disinfection and the circulation of the 
water [4]. Neither the art gallery personnel nor their 
hired external consultant were aware of the obliga-
tion to notify the municipality of the installation of the 
floating tank or of the Norwegian regulations for public 
pools and saunas.

Although the management of this particular floating 
tank may not be representative of other floating tank 
owners, this outbreak situation serves as an example 
of how inadequate routine maintenance may result in 
a deterioration of hygienic condition in floating tanks. 
The floating tank had previously been installed in other 
galleries worldwide without similar situations being 
reported. However, infection related to swimming 
pools and spa environments is in general assumed to 
be under-reported [8].

Conclusion
The nature and timing of the symptoms in users of the 
floating tank indicated early on in the outbreak that 
the infection was likely to be associated with expo-
sure to contaminated water from the floating tank at 
the art gallery. The suspicion was further strengthened 
when the results from the microbiological sampling of 
the floating tank revealed that the water in the float-
ing tank was heavily contaminated by  P. aeruginosa. 
The closure of the floating tank was the most impor-
tant outbreak control measure, and the cooperation 
and swift communication between the local health 
authorities and the art gallery limited the outbreak. 
Awareness of hygienic risks and existing regulations 
should be raised among establishments who offer 
floating tanks to the public. Guidelines for the safe and 
hygienic operation of floating tanks should be made 
available to local health inspectors.

Conflict of interest

None declared.

Authors’ contributions
SH, BGH and HL conceived the study. SH, BGH, HL, VL, EM, 
LV and PA contributed to the collection, analysis and inter-
pretation of data. SH drafted the manuscript. SH, BGH, HL, 
VL, EM, LV and PA contributed to the revision of the draft 
manuscript and approved the final version. All the authors 
adhere to the Vancouver Recommendation, drawn up by the 
International Committee of Medical Journal Editors (ICMJE).

References
1. Floatation Tank Association. North American float tank 

standard 2017. San Francisco: The Floatation Tank Association; 
2017. Available from: https://www.floatation.org/wp-content/
uploads/2018/09/North-American-Float-Tank-Standard-
Version-2.pdf

2. Nadolny E, MacDougall C. Evidence brief: risk of infection 
in the use of floatation tanks. Toronto: Ontario Agency for 
Health Protection and Promotion (Public Health Ontario); 
2016. Available from: https://www.publichealthontario.ca/en/
eRepository/EB_Floatation_Tanks_Infection_Risk.pdf

3. Jonsson K, Kjellgren A. Curing the sick and creating supermen 
– How relaxation in flotation tanks is advertised on the 
Internet. Eur J Integr Med. 2014;6(5):601-9.  https://doi.
org/10.1016/j.eujim.2014.05.005 

4. Eykelbosh A, Beaudet S. Float tanks: considerations for 
environmental public health. Vancouver: The National 
Collaborating Centre for Environmental Health (NCCEH); 2016. 
Available from: http://www.ncceh.ca/sites/default/files/Float_
Tanks_Considerations_EPH_July_2016.pdf

5. Westphal T. Hygiene in floating tanks. Frankfurt am Main: Amt 
für Gesundheit [Office of Health]; 2019. German. Available 
from: https://www.lgl.bayern.de/aus_fort_weiterbildung/
veranstaltungen/kongresse_veranstaltungen/doc/

6. Lovdata. Forskrift for badeanlegg, bassengbad og badstu m.v. 
[Norwegian regulation on public pools and saunas]. Oslo: 
Lovdata; 1996. Norwegian. Available from: https://lovdata.no/
dokument/SF/forskrift/1996-06-13-592?q=bassengbad

7. Malterud K, Thesen J. [Whirlpool and pseudomonas infection-
-a local outbreak]. Tidsskr Nor Laegeforen. 2007;127(13):1779-
81. Norwegian. PMID: 17599127 

8. Barna Z, Kádár M. The risk of contracting infectious diseases 
in public swimming pools. A review. Ann Ist Super Sanita. 
2012;48(4):374-86.  https://doi.org/10.4415/ANN_12_04_05  
PMID: 23247134 

9. Cox GF, Levy ML, Wolf JE Jr. Is eczema herpeticum associated 
with the use of hot tubs. Pediatr Dermatol. 1985;2(4):322-3.

10. Jacobson JA. Pool-associated Pseudomonas aeruginosa 
dermatitis and other bathing-associated infections. Infect 
Control. 1985;6(10):398-401.  https://doi.org/10.1017/
S0195941700063475  PMID: 3851782 

11. Trüeb RM, Gloor M, Wüthrich B. Recurrent Pseudomonas 
folliculitis. Pediatr Dermatol. 1994;11(1):35-8.  https://doi.
org/10.1111/j.1525-1470.1994.tb00071.x  PMID: 8170847 

12. McCausland WJ, Cox PJ. Pseudomonas infection traced to motel 
whirlpool. J Environ Health. 1975;37(5):455-9.

13. Feder HM Jr, Grant-Kels JM, Tilton RC. Pseudomonas 
whirlpool dermatitis. Report of an outbreak in two families. 
Clin Pediatr (Phila). 1983;22(9):638-42.  https://doi.
org/10.1177/000992288302200910  PMID: 6883896 

14. Khabbaz RF, McKinley TW, Goodman RA, Hightower AW, 
Highsmith AK, Tait KA, et al. Pseudomonas aeruginosa 
serotype 0:9. New cause of whirlpool-associated dermatitis. 
Am J Med. 1983;74(1):73-7.  https://doi.org/10.1016/0002-
9343(83)91121-X  PMID: 6401393 

15. Breitenbach RA. Pseudomonas folliculitis from a health club 
whirlpool. Postgrad Med. 1991;90(3):169-70, 173.  https://doi.
org/10.1080/00325481.1991.11701042 

16. Hollyoak V, Boyd P, Freeman R. Whirlpool baths in nursing 
homes: use, maintenance, and contamination with 
Pseudomonas aeruginosa. Commun Dis Rep CDR Rev. 
1995;5(7):R102-4. PMID: 7613584 

17. Gregory DW, Schaffner W. Pseudomonas infections associated 
with hot tubs and other environments. Infect Dis Clin North 
Am. 1987;1(3):635-48. PMID: 3504439 

18. Hopkins RS, Abbott DO, Wallace LE. Follicular dermatitis 
outbreak caused by Pseudomonas aeruginosa associated 
with a motel’s indoor swimming pool. Public Health Rep. 
1981;96(3):246-9. PMID: 6785818 

19. Centers for Disease Control (CDC). An outbreak of 
Pseudomonas folliculitis associated with a waterslide--Utah. 
MMWR Morb Mortal Wkly Rep. 1983;32(32):425-7. PMID: 
6410176 

20. Berger RS, Seifert MR. Whirlpool folliculitis: a review of its 
cause, treatment, and prevention. Cutis. 1990;45(2):97-8. 
PMID: 2107063 

21. Alsedà M, Godoy P, Gardeazabal J, Borràs MA. [Community 
outbreak of Pseudomonas aeruginosa folliculitis associated 
with a spa]. Med Clin (Barc). 2014;142(2):86-7.  https://doi.
org/10.1016/j.medcli.2013.06.027  PMID: 24054771 

22. Berrouane YF, McNutt LA, Buschelman BJ, Rhomberg PR, 
Sanford MD, Hollis RJ, et al. Outbreak of severe Pseudomonas 
aeruginosa infections caused by a contaminated drain in a 



8 www.eurosurveillance.org

whirlpool bathtub. Clin Infect Dis. 2000;31(6):1331-7.  https://
doi.org/10.1086/317501  PMID: 11095998 

23. Schlech WF 3rd, Simonsen N, Sumarah R, Martin RS. 
Nosocomial outbreak of Pseudomonas aeruginosa folliculitis 
associated with a physiotherapy pool. CMAJ. 1986;134(8):909-
13. PMID: 3955486 

24. Highsmith AK, Le PN, Khabbaz RF, Munn VP. Characteristics 
of Pseudomonas aeruginosa isolated from whirlpools and 
bathers. Infect Control. 1985;6(10):407-12.  https://doi.
org/10.1017/S0195941700063499  PMID: 3934099 

25. International NSF. Test report: Organism time kill in float lab 
water. Ann Arbor: NSF International; 2012.

26. Surendran PK, Mahadeva I, Gopakumar K. Salt tolerance of 
bacteria isolated from tropical marine fish and prawn. Fishery 
Technology.1983;20(2):105-10.

27. Cogen AL, Nizet V, Gallo RL. Skin microbiota: a source of 
disease or defence? Br J Dermatol. 2008;158(3):442-55.  
https://doi.org/10.1111/j.1365-2133.2008.08437.x  PMID: 
18275522 

28. Roser DJ, van den Akker B, Boase S, Haas CN, Ashbolt NJ, Rice 
SA. Pseudomonas aeruginosa dose response and bathing 
water infection. Epidemiol Infect. 2014;142(3):449-62.  https://
doi.org/10.1017/S0950268813002690  PMID: 24229610

License, supplementary material and copyright
This is an open-access article distributed under the terms of 
the Creative Commons Attribution (CC BY 4.0) Licence. You 
may share and adapt the material, but must give appropriate
credit to the source, provide a link to the licence and indicate 
if changes were made. 

Any supplementary material referenced in the article can be 
found in the online version.

This article is copyright of the authors or their affiliated in-
stitutions, 2019.


