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Characterization of Bacterial Community Contaminating Floor
of A Hot and Dry Sauna

Ja Yeol Lee and Doo Hyun Park’

Department of Chemical and Biological Engineering, Seokyeong University, Seoul, Korea

The purpose of this study was to examine profile of bacteria contaminated in a dry sauna. Bacteria sampled from the
floor of the dry sauna (75~80 C) were separated and identified by using a thermal gradient gel electrophoresis (TGGE)

technique, and were cultivated using a defined medium at 50 C. Bacteria grown in the defined medium were identified
based on 16S-rDNA sequence homology. The band number of DNA separated by TGGE was 15, indicating the species
diversity of bacteria contaminating the dry sauna. Seven species of bacteria were successfully cultured on agar plate
medium at 50C, which represented a combination of thermophilic and thermoduric bacteria contaminating the dry

sauna. The highest limit temperature for growth of the bacterial isolates was generally 50°C when cultivated in a defined
medium, but was raised to 60°C when cultivated in a complex medium. Consequently, the bacteria grown at 50~60C

are thermoduric or thermophilic, but others may not be.
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INTRODUCTION

Thermoduric bacteria are microorganisms capable of
surviving the heating processes for pasteurization but can't
grow to regenerate under thermal conditions. Some ther-
moduric bacteria can contaminate processed food, creating
health hazards by means of their growth after pasteurizing
processes (1, 2). The thermophilic bacteria not only can
survive heating treatment but also generally grow under the
thermal condition from 45 to 122°C (3, 4), differentiating
them from thermoduric bacteria (5~7). Thermophilic
bacteria are rarely found as growing cells at mammalian
temperature (8).

Hence, few manmade environments are suitable for the

growth of thermophilic bacteria, but many may be contami-

nated by thermoduric bacteria. Dry saunas are maintained
at elevated temperature, and due to the traffic of users, they
are exposed to various microorganisms, which may be
periodically removed by cleaning and disinfection (9).
However, endospore-forming microorganisms may survive
attacks by detergent, hot air, and disinfectants, considering
that endospores are often highly resistant to chemical- and
heat-treatment (10). Accordingly, endospore-forming bacteria
may be thermoduric but are usually not thermophiles
because their vegetative cells can't grow under thermal
condition for thermophilic bacteria but endospore can
survive thermal condition. Bacterial species belonging to
the Bacillus genus are typical endospore-forming micro-
organisms, and are generally found in natural and artificial
environments (11~13). The Bacillus genus is widely

distributed in the natural environment, such as in soil and
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water, and ubiquitously contaminates various foods such as
fruit and vegetable products, nuts, cereals, rice, dried foods,
spices, and dairy products. Hence, Bacillus is diffused to
anywhere people migrate. Most bacteria living around
humans may be spread through foods or through direct
contact of the human body (14, 15).

In this study, the bacterial community randomly sampled
from a dry sauna was analyzed using a thermal gradient gel
electrophoresis technique (TGGE), and was also cultivated
at 60 C, based on the temperature of pasteurization to verify
thermophilic bacteria. The bacterial species detected in
TGGE were compared with those grown at 60C in order
to determine the relative number of species of thermophilic

bacteria within the bacterial community.

MATERIALS AND MOTHODS
Bacterial sampling

A digital thermometer on the wall of the dry sauna
indicated that the internal temperature was a constant 75~
80C. Bacteria were sampled from floor of the dry sauna
using a sterilized cotton swab. Samples were collected at 4
o'clock in the morning when there were no users present. An
aluminum foil wrapped cotton swab was opened immediately
before sampling, and the floor was then deeply and broadly
wiped with 6 cotton swabs per sample area. The sampling
points were located at a 30 cm distance from each wall or
wood bench and the diameter of sampling area was about
30 cm as shown in Fig. 1A. Of the 6 swabs taken, one was
used for bacterial cultivation and 5 were used for DNA
extraction. The part of the cotton swab used for bacterial
sampling was put in a sterilized conical tube immediately
after sampling, while the other end was removed as shown
in Fig. 1B.

Bacterial cultivation

Samples were inoculated on a defined agar plate medium
composed of 1 g yeast extract, 20 g agar, and 1 £ tap water,
and were cultivated at 50°C for 72 h. All bacterial colonies
were separately isolated and were cultivated in 50 C in the

defined broth medium (1 g yeast extract and 1 £ tap water).
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Figure 1. Location of sampling area in floor of dry sauna (A)
and sampling method of bacteria contaminated in floor of dry
sauna (B).

The 16S-rDNA was amplified with genomic DNA extracted
from the cells grown in the broth medium and were
sequenced for identification based on GenBank database
(http://www.ncbi.nlm.nih.gov). The grown bacteria were
cultivated in the complex broth medium at 20, 30, 40, 50,
60, and 70C in order to determine the optimal growth
temperature. Complex medium was composed of 3 g yeast
extract, 3 g glucose, 3 g sodium lactate, 1.5 g K,HPO,,
0.01g CaCly, 0.001 g MgSOs, 0.001 g MnSO,, and 1 ¢ tap
water. Bacterial growth was determined by optical density
(OD) at 660 nm.

16S-rDNA amplification

Total DNA was directly extracted from the bacterial cells
using a Genomic DNA Extraction Kit (Accuprep, Bioneer,

Korea) according to the manufacturer's protocol. 16S
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ribosomal DNA was amplified via direct PCR using the
chromosomal DNA template and 16S-rDNA specific uni-
versal primers as follows: forward 5-GAGTTGGATCCT-
GGCTCAG-3' and reverse 5-AAGGAGGGGATCCAGCC
-3'. The PCR reaction mixture (50 pl) consisted of 2.5 U
Tag polymerase, 250 uM each of dNTP, 10 mM Tris-HCl
(pH 9.0), 40 mM KCI, 100 ng template, 50 pM primer, and
1.5 mM MgCl,. Amplification was conducted for 30 cycles
of 1 min at 95C, 1 min of annealing at 55°C, and 2 min of
extension at 72°C using a PCR machine (T Gradient model,

Biometra, German).
Thermal gradient gel electrophoresis (TGGE)

The 16S-rDNA amplified from chromosomal DNA was
employed as a template for TGGE sample preparation. A
variable region of 16S-rDNA was amplified with forward
primer (eubacteria, V3 region) 341f 5'-CCTACGGGAGG-
CAGCAG-3' and reverse primer (universal, V3 region)
518r 5'-ATTACCGCGGCTGCTGG-3". A GC clamp (5'-
CGCCCGCCGCGCGLCGGCGGGCGGGGCGGGGGCA-
CGGGGGGCCTACGGGAGGCAGCAG-3') was attached
to the 5'-end of the GC341f primer (16). The procedures for
PCR and DNA sequencing were the same as 16S-rDNA
amplification conditions, except for an additional annealing
temperature of 53 C. The TGGE system (Bio-Rad, Dcode™,
Universal Mutation Detection System, USA) was operated
in accordance with the manufacturer's instructions. Aliquots
(45 wl) of the PCR products were electrophoresed in gels
containing 8% acrylamide, 8 M urea, and 20% formamide
with a 1.5 x TAE buffer (7.26 g/l Trisma, 1.815 g/l Acetatic
acid, and 0.56 g/l Ethylenediaminetetraacetate) buffer
system at a constant voltage of 100 V for 12.5 hr and then
40 V for 0.5 hr, applying a thermal gradient of 39 to 52°C.
Prior to electrophoresis, the gels were equilibrated to the

temperature gradient for 30 to 45 min.
Amplification and identification of TGGE band

DNA was extracted from the TGGE band and was
purified with a DNA gel purification kit (Accuprep). The
purified DNA was then amplified with the same primers

and procedures used for TGGE sample preparation, except
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Figure 2. Thermal gradient gel electrophoresis (TGGE) profiles
of bacterial communities isolated from floor in 4 corners of sauna.
The left figure is a real picture and the right figure is a black-and
white picture that was duplicated from the real picture to mark
band number.

that the GC clamp was not attached to the forward primer.
The amplified DNA was sequenced for identification of
bacteria based on 16S-rDNA sequence homology.

RESULTS
TGGE patterns

TGGE patterns of bacterial community sampled from 4
points of floor in the dry sauna were a little different from
each other, as shown in Fig. 2. The number of bacterial
species contaminating the dry sauna, as identified by TGGE
technique, was approximately 15, based on the difference of
electrophoretic migration distance of the DNA. The bacterial
community sampled from corners 1 and 4 were very similar
each other, but differed significantly from those in corners
2 and 3. The diversity of bacterial species may be limited
depending on the thermal and drying conditions within a
specific area, and the bacterial community in dry sauna so
frequently contaminated by users may be opportunistically

changed.
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Table 1. Bacterial species identified based on sequence homology of 16S-rDNA that was separated by thermal gradient gel electrophoresis
(TGGE) of DNA extracted from the bacterial community sampled from a sauna.

Lane 1

Lane 2

Lane 3

Lane 4

Band (Homology, %) (Homology, %) (Homology, %) (Homology, %) Accession No.
*Bacillus licheniformis ~ *Bacillus licheniformis _ *Bacillus licheniformis
1 97) 97) 97) JQ665285
B B B *Bacillus sp.
2 ©7) JF951301
_ _ _ Virgibacillus sp.
3 97) JQ388729
*Bacillus sp. _ _ *Bacillus sp.
4 (CH) 97) HM640411
*Bacillus sp. _ _ _
5 98) - IN699143
_ _ _ *Bacillus subtilis
6 98) HQ388810
7 B *Uncultured Bacillus sp. _ _ IN36663
)
Bacillus thuringensus _ _ _
8 (89) HQ703892
_ _ _ *Bacillus sp.
9 ©7) HN640411
10 B *Uncultured Bacillus sp. B B IN36664
(98)
_ _ Tepidomonas sp. _
11 97) IN713899
12 _ _ Janthinobacterium sp. _ F1784680
oD
13 * Pseudoxanthomonas _ * Pseudoxanthomonas *Pseudoxanthomonas AB681369
taiwanensis (98) taiwanensis (98) taiwanensis (98)
Stenotrophomonas sp. Stenotrophomonas sp. Stenotrophomonas sp. Stenotrophomonas sp.
14 (98) 93) 93) 98) FR774575
_ _ Uncultured bacterium _
15 97) FJ901182

* Asterisk-marked bacterial species were grown on defined agar medium containing 0.1 g/l yeast extract only.

Identification of DNA separated by TGGE

All bacterial species separated by the TGGE technique
and identified by the sequence homology were found in all
sample locations, except for Virgibacillus sp., Tepidomonas
sp., and Janthinobacterium sp., while, bacterial species
belonging to the Bacillus genus were commonly detected
in sampling point 1, 2, and 4 but not in sampling point 3, as
shown in Table 1. Bacterial contamination of any location

within the sauna may be randomly and opportunistically

varied according to the bacterial contamination of individual

users.
General character of bacteria detected by TGGE

The general character of bacterial species sampled from
the floor of the dry sauna was tabulated based on infor-
mation of genus or species reported by other researchers.
As shown in Table 2, the growth temperature of Bacillus
licheniformis, Tepidomonas sp., and Pseudoxanthomonas

taiwanensis is higher than 50°C, while Bacillus sp. and
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Table 2. General character of bacterial genus or species identified based on sequence homology of DNA extracted from thermal gradient
gel electrophoresis (TGGE) gel.

TGGE

Bacteria (Homology, %)

lane No. GenBank Accession Code General character Ref.
124 Bacillus licheniformis (97) Optimal growth temperature is 50 C. 17
> JQ665285 Cause of food poisoning and spoilage

4 Virgibacillus sp. (97) Gram-positive, endospore-forming bacterium. Isolated from soil, food, 18
JQ388729 and saltern

4 Bacillus subtilis (98) Endospore-forming bacterium. Fungicidal function is useful for crop 19
HQ388810 cultivation. Opportunistic food poisoning

1 Bacillus thuringensus (98) Soil-dwelling and endospore-forming bacteria. Crystal proteins have 20
HQ703892 insecticidal action

3 Tepidomonas sp. (98) Slightly thermophilic member of the beta-proteobacteria belonging to 2122
IN713899 bacterial community dwelling in hot spring at higher than 50 C ’

. . Aerobic, gram-negative, and soil-dwelling bacterium Production of a

3 Janthinobacterium sp. (98) violet compound (violacein) that has antifungal, antiviral, and 23

FJ784680 . . -
antibacterial activity
Pseudoxanthomonas A novel gram-negative, non-endospore-forming, soil-dwelling, and
1,3,4 taiwanensis (98) gram-negative, enaosp g, SOl = 24,25
N,O-producing bacterium. Optimal growth temperature is 50~60C.
AB681369
1.2.3.4 Stenotrophomonas sp. (98) Gram-negative, non-endospore-forming, soil-dwelling, and opportunistic 26

FR774575

human pathogenic bacterium.

Virgibacillus sp. are endospore-forming bacteria. On the

other hand, Janthinobacterium sp. and Stenotrophomonas sp.

are not the endospore-forming ones and the thermophiles.
Accordingly, Janthinobacterium sp. and Stenotrophomonas
sp. are likely to simply contaminate the dry sauna through
users without vitality. However, other species may maintain
their survival by sporulation or physiological function, for

they are thermally resistance (17~26).
Growth of bacteria isolated from dry sauna

Bacterial colonies were cultivated on defined agar plate
medium at 50 C, and were then isolated and identified. The
isolates were cultivated in the defined medium and complex
medium at different temperatures from 20 to 70°C, as shown
in Tables 3 and 4. The endospore-forming or thermophilic
bacteria grew from 30 to 50 C.

Temperature range and optimal temperature for growth of
endospore-forming or thermophilic bacteria was 30~50T
and 40C, respectively in the defined medium; however,
the isolates grew at temperatures ranging from 30 to 60C,

and maximally grew at 40 and 50C in the complex

medium. The endospore-forming bacteria Bacillus sp. and
Virgibacillus sp. were detected by TGGE and commonly
grew at 60C in the complex medium, while the non-
endospore-forming thermophilic bacteria Tepidomonas sp.,
and Pseudoxanthomonas taiwanensis were also detected by
TGGE and grew at 60C in the complex medium. However,
Stenotrophomonas sp. and Janthinobacterium sp. were
detected by TGGE but did not grow at 50°C, even in the
complex medium. This result is a clue that Stenotrophomonas
sp. and Janthinobacterium sp. are non-endospore-forming
and non-thermophilic bacteria but may be simple contami-

nants without vitality.

DISCUSSION

Dry saunas are a popular convenient facility which is
routinely used for health care and relaxation in many
countries. The temperature of a dry sauna is between 70~
80C but is not a cause to scald users because the hot and
dry air induces physiologically sweating but is not enough

to increase temperature of human body. The bacterial cells
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Table 3. Growth (OD at 660 nm) of bacterial species, which was isolated from sauna and identified based on 16S-rDNA, in defined

medium at different temperature for 48 h.

Incubation temperature (C)

Bacterial species

20 30 40 50 60 70
Bacillus licheniformis 0.019 0.413 0.603 0.378 0.021 0.018
Virgibacillus sp. 0.034 0.383 0.572 0.112 0.035 0.031
Bacillus sp. 0.061 0.376 0.633 0.364 0.019 0.011
Bacillus thermoamylovorans 0.013 0.341 0.449 0.115 0.023 0.015
Pseudoxanthomonas taiwanensis 0.085 0.706 0.884 0.412 0.031 0.012
Tepidomonas sp. 0.015 0.367 0.649 0.118 0.029 0.011
Bacillus subtilis 0.012 0.673 0.646 0.135 0.021 0.011

Table 4. Growth (OD at 660 nm) of bacterial species, which was isolated from sauna and identified based on 16S-rDNA, in complex

medium at different temperature for 48 h.

Incubation temperature (C)

Bacterial species

20 30 40 50 60 70
Bacillus licheniformis 0.013 0.652 1.289 1.167 0.762 0.022
Virgibacillus sp. 0.017 0.559 1.268 1.395 0.571 0.066
Bacillus sp. 0.012 0.517 1.317 1.286 0.687 0.022
Bacillus thermoamylovorans 0.013 0.439 1.369 1.202 0.736 0.036
Pseudoxanthomonas taiwanensis 0.012 0.666 1.213 1.152 0.921 0.053
Tepidomonas sp. 0.022 0.631 1.256 1.319 0.755 0.061
Bacillus subtilis 0.021 0.602 1.346 1.254 0.848 0.045

contaminating users' bodies may not be directly exposed to
hot and dry air which is enough for sterilization of non-
endospore-forming and non-thermophilic bacteria, but some
of them may be separated from the users' body through
sweating or through direct contact with the sauna. The non-

endospore-forming and non-thermophilic bacteria exposed

to hot and dry conditions may be physiologically deactivated.

Both endospore-forming bacteria (thermoduric bacteria)
and thermophilic bacteria may survive on the sauna floor
because endospores are strongly resistant against heating
and drying, and thermophilic bacteria may maintain their
metabolic function with nutrients contained in the users'
sweat (27~29). Hence, both endospore-forming bacteria
and thermophilic bacteria were cultured at 50~60C and

were detected by TGGE, however, non-endospore-forming

and non-thermophilic bacteria were also detected by TGGE,
but not grown at 50~60T in complex medium.

DNA bands separated by TGGE technique were totally
15 but diversity of bacterial species was 9, which may be
significantly lower than that inhabiting in natural environ-
ment. The relatively low diversity of bacterial species in
the sauna may be caused by limitation in the process for
bacterial sampling from the sauna and DNA extraction from
bacterial samples. On the other hand, the defined medium
used for bacterial isolation from the sauna may be a cause to
limit bacterial diversity. Practically, cause of the limitations
may be solved by improvement of sampling method, DNA
extraction process, and bacterial cultivation condition. We
have plan to precisely analyze diversity of bacteria con-

taminated in the sauna by increase of sampling frequency,
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application of upgraded DNA extraction system, and
employment of various culture media.

The physiological function for heat resistance of
thermophilic bacteria may depend upon the nutritional
conditions present at higher than optimal temperature. The
relatively rich nutrients of complex medium can, in some
cases, allow bacterial cells to generate the physiological
energy required to cope with disadvantageous conditions,
such as those at 60C for mesophilic bacteria. Endospore-
forming bacteria and thermophilic bacteria commonly
grew in complex medium at 60 C, which is evidence that
nutrients contained in user's sweat are used as a nutritional
source for bacterial growth and sporulation within the dry
sauna (30).

The dry sauna provides for the growth of thermophilic
bacteria and the sporulation of endospore-forming bacteria,
and also for contamination of both thermophilic and
thermoduric bacteria by contact with various users. Bacterial
contamination opportunities within a sauna are likely
dependent upon the cleaning frequency. Daily cleaning in
24 h-operating sauna is also not an effective way to
decrease contamination, considering that users may cross
contaminate the sauna while cleaning is taking place.
Various bacteria contaminating the human body, including
those which are capable of causing opportunistic food
poisoning, or human pathogens, may be continuously con-
taminating dry saunas in proportion to user numbers (31);
however, most of bacteria contaminating the dry sauna can't
be a cause for food poisoning or infection disease because
all of users wash their body after using the sauna.

Conclusively, dry saunas may be an artificial environment
for the opportunistic growth of various thermophilic or
endospore-forming bacteria. Culture systems which are
suitable for thermophilic bacteria are rarely contaminated
by mesophilic bacteria which are generally distributed in

the temperate region.
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