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Table 1 Facilities and sanitary management at 182 hot
springs

Facilities Number (%)
Sorce of hot spring
Temperature
- =60C 55 (30.2)
- 50-59C 67 (36.8)
- <50C 60 (33.0)
pH
- =85 31 (17.0)
- 75-84 74 (40.7)
- 60-74 35 (19.2)
- 30-59 527)
- <30 37 (20.3)
Quality
- Chloride and/or bicarbonated spring 60 (33.0)
- Simple hot spring 49 (26.9)
- Sulfate spring 34 (18.7)
- Sulfur spring 39 (214)
Disinfection
- Present 41 (22.5)
- Absent 141 (77.5)
Storage tank
- Present 104 (58.4)
- Absent 74 (41.6)
Temperature
- =60C 34 (37.0)
- 50-59C 25 (272)
- <50C 33 (35.9)
Material
- FRP 56 (57.1)
- Concrete 27 (27.6)
- Wood 7(71)
- Other 8 (8.2)
Cleaning frequency
- Every month or more 20 (20.2)
- Every 2 to 6 months 23 (23.2)
- Every year 14 (14.1)
- As necessary 15 (15.2)
- None 27 (27.3)
Distribution pipe
Regular cleaning
- Present 59 (34.5)
- Absent 112 (65.5)
Bathtub
Volume of bath
- < 50m3 82 (51.9)
- 50-99m3 34 (21.5)
- = 10.0m3 42 (26.6)
Main material
- Tile 77 (41.0)
- Stone 83 (44.1)
- Wood 15 (8.0)
- Concrete 13 (6.9)
Drain and cleaning frequency
- Daily 134 (74.4)
- Every 2 days 22 (12.2)
- Every 3 to 6 days 12 (6.7)
- Every week or less 12 (6.7)
Cleaning procedure
- Brush 64 (38.6)
- Brush + detergent 52 (31.3)
- Brush + disinfection ( + detergent) 31 (18.7)
- Non brush (HPW and/or disinfection) 19 (11.4)

*HPW: High-Pressure Water Jet
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bolz. KW, wIRE, w7 FYRRIVWIRY
R O SIS S h, B ComiiRiEehE
11404%, 308%, 308% TH-o7z.
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FAKTF L, pH3OKRMTIEIMILE SN o725, 7
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4. SrHEES NIV A A TR O O LR

SEESNZZV YA A TIREIE 6 M T, 119 fFrh 102
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&7z (Table 4). L. pneumophila DILER: (SG) Bl
WL, SG1, 5 6 3FNEN 218%, 21.0%, 21.8%
ERBEOGHEREZIRL, SG 3, 43 FNZEFN176%,
143% EHi\7z. LI F & TIRB A HE S h7zilk 2,
L. pneumophila SG 1, SG1 YAV® L. pneumophila, L.
pneumophila DD L T F & ZIEW O 3 REIZ 51T Thy
AR O pH L MR EE D V39l 2 L L 72, & OFER,
L. pneumophila SG 1 (pH 7.6+09) &, SG1 L4to L.
pneumophila (pH 80+0.7) & Il# L T pH 2 A &
ik < (Steel-Dwass £ H L, p<0.05), ik TIid L
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mophila (423+32TC) &I L THEIIHEY (Tukey
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Table 2 Microbial contamination of hot spring samples (n = 403)

Organism Parameter Bathtub P}glllitirfzugcgtte Stt(;l;lakge Source Total
Legionella spp. No. of positive samples/total (%)  78/198 (39.4) 33/148 (22.3) 5/21 (23.8) 3/36 (8.3) 119/403 (29.5)
with = 102 CFU/100mL 29/198 (14.6) 9/148 (6.1) 2/21 (9.5 1/36 (2.8) 41/403 (10.2)
Geometric mean (CFU/100mL) 8.1x10 41%x10 8.0x10 48x10 6.6 %10
Maximum count (CFU/100mL) 6.8x103 40x103 6.7 %102 1.8x102 6.8 %103
Amoebae No. of positive samples/total (%)  57/188 (30.3) 6/137 (4.4) 4/21 (19.0) 1/33 (3.0) 68/379 (17.9)
Geometric mean (PFU/100mL) 35%10 20x10 1.2x10 5 32x%10
Maximum count (PFU/100mL) 25103 1.0x102 50x10 5 25103
Mycobacterium spp. No. of positive samples/total (%) 7/189 (3.7) 0/136 (0.0) 0/21 (0.0) 0/34 (0.0 7/380 (1.8)
Geometric mean (CFU/100mL) 21x10 21x10
Maximum count (CFU/100mL) 1.0x 102 1.0x102
Escherichia coli No. of positive samples/total (%) 80/198 (40.4) 6/124 (4.8) 1/17 (5.9) 0/30 (0.0) 87/369 (23.6)
Geometric mean (MPN/100mL) 42x10 12x10 9 38x10
Maximum count (MPN/100mL) 24x103 1.5x102 9 24x103
Pseudomonas aeruginosa  No. of positive samples/total (%)  60/195 (30.8) 5/121 4.1) 1/17 (5.9) 1/29 (3.4) 67/362 (18.5)
with = 10 MPN/100mL 32/195 (16.4) 1/121 (0.8) 1/17 (5.9) 1/29 (34) 35/362 (9.7)
Geometric mean (MPN/100mL) 28x10 74 14 %103 24 x102 28x10
Maximum count (MPN/100mL) 24103 1.5x102 14x103 24 %102 24103
Staphylococcus aureus No. of positive samples/total (%)  60/195 (30.8) 3/121 (2.5) 0/17 (0.0) 0/29 (0.0 63/362 (17.4)
with = 102 MPN/100mL 13/195 (6.7) 0/121 (0.0) 0/17 (0.0) 0/29 (0.0) 13/362 (4.1)
Geometric mean (MPN/100mL) 23x10 33 21x10
Maximum count (MPN/100mL) 24103 4 24103

Table 3 Isolation of Legionella and Amoebae at different temperature and pH

No. of positive samples/total (%)*

Inlet faucet/pouring gate,

Characteristic Bathtub Storage tank, Source
Legionella spp. Amoebae Legionella spp. Amoebae
Temperature
55C < 1/26 (3.3) 0/24 (0.0
50-54TC 0/4 (0.0) 0/4 (0.0) 4/31 (12.9) 0/28 (0.0)
45-49C 4/11 (36.4) 5/11 (45.5) 10/39 (25.6) 0/39 (0.0)
< 45T 74/183 (40.4) 52/173 (30.1) 26/109 (23.9) 11/100 (11.0)
pH
85 = 15/30 (50.0) 2 11/30 (36.7) 2 10/35 (28.6) 2 7/30 (23.3)
75-84 40/81 (494) 2 31/74 (41.9) ¢ 20/80 (25.0) 2 2/74 2.7)
6.0-74 21/44 (47.7) 2 15/42 (35.7) ¢ 10/37 (27.0) 2 2/35 (5.7)
30-59 2/11 (182) a 0/11 (0.0 af 1/8 (125) 2 0/8 (0.0)
<30 0/32 (0.0) b 0/31 (0.0) bd 0/45 (0.0) b 0/44 (0.0)

*Isolation differed significantly between a and b; ¢ and d; e and f.
(Tukey multiple comparison test, p < 0.05).

WOR, R 02mg/L Pl L THINERAMET 3 2 1 R L LEEMRADRR, BHAKD394% (78/198
MASHR SN, ZEAI AT 4 v 7 o CHE ) 26 LU A TmEAR S, BT L

ZRRIERD SN h o 7. BT HIEERAE & AREORETHRINE NS Z
% & EEPISHMIT L7 MR E0d 100CFU/100mL i
— Iz, B LA PR R AGE A I L T L DKL 628% (49/78 1) % 15 (Table 2), fHHR

TARTIBEGHD) A7 IZNSVEV) 4 A= M (35~48%)™ & KT B & ARIRBEMIZ 7047 L
oY, TNIBEOEFEGEANL V4 4 FIEE TwbEE2ZHbN%. LaL, 100 CFU/100mL il
IR R SNBSS K o THI SR T ThoThH, HIRIFFOEERE L o5 ERHE T’

N2 LI2XaY. BROLVIFFIFHERICET LA IT HYNVDOLWERECTRENILILT 57209, 4%
FEFAE T, EEOSTIEERNSHE L e LT —RBOHABHOTENLINS. SHORET, #
T495%, Eiﬂ] 599G 38.0%, HHFIE L 27.3% it LARR CTOHLEGIBH LN E ko722 LITE

ORI ZH EL T D. 40, #u Lsn 24f HTh b, HHDSOBEEDPHR ST IUZEMO

FR214E 1 H20H
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Table 4 Legionella species and serogroups isolated in hot spring water (n = 403)

No. of positive samples (%)

Organism pH Temperature (C)
Total
75 = <45 45 <
L. pneumophila 102 85.7) 27 (794) 75 (88.2) 4 (84.0) 18 (94.7)
serogroup 1 6 (21.8) 13 (382) 13 (15.3) 8 (18.0) 8 (42.1)
2 103) 1712 110
3 1 (17.6) 16 (18.3) 7 (17.0) 4 (21.1)
4 7 (14.3) 14 (16.5) 2 (12.0) 5 (26.3)
5 5 (21.0) 21 (24.7) 22 (22.0) 3 (158)
6 6 (21.8) 21 (24.7) 22 (22.0) 4 (21.1)
7 4 (34) 447 3 (3.0) 163
8 6 (5.0) 3 (35) 5 (5.0) 163
9 5 (4.2) 2 (24) 5 (6.0)
10 8 (6.7) 6 (7.1) 7 (7.0) 153
11 2 (L.7) 112 2 (2.0)
13 1 (0.8 112 1 (L0)
15 1(0.8) 112 1 (1.0
UuT 28 (235) 1.8) 24 (282) 22 (22.0) 6 (31.6)
L. dumoffii 217 ) 112 1 (1.0 1.3
L. londiniensis 8 (6.7) 7 (8.2) 4 (4.0) 4 (21.1)
L. micdadei 1 (0.8) 1(12) 1 (1.0)
L. oakridgensis 5 4.2) 5(5.9) 5 (5.0)
L. rubrilucens 2 (1.7 2 (24) 2 (2.0)
Other Legionella spp. 23 (19.3) 10 (29.4) 13 (15.3) 21 (21.0) 2 (10.5)
Total 119 (100) 34 (100) 85 (100) 100 (80) 19 (100)

WYY 223 TRECERHT 52 805 (Table 5), #
D A7 5T W 5\ i il <o ek % i
L, i e m Lz Gl e a2 il U o s
BhrbEEZLNL.

L% A TEE L pH 30LLF Ol % 65C Ll E
OEBETEEATE LRV EBHOATW S, Ak
GG DT L WA L HE AR O/ S Bl & % X
FLTY A7l %47 - 72465, WEIc @0y 22
I pH TH - 72. SO F A TIE pH 30~59 @
SRR AL e v o 72720 pH 6.0% Bi L & L CEEAM
L7275 pH6OERTmTIEL VA X THEYRY A7 1L
0.06~012 f512M&F L 72. Ohno Wikl ¥
F A 7 8 W A% pH 5,00 FEVE 5= 1 C I I [ 14 it 5k % Ak
HTE&5Z L 2EBWIZRLTWSDS, 4 pH 60
K DR THRIFESE T LAZERNE LT, LY %
T OGO E % R729 7 A — 3208 pH 6.0k i
TR EN o722 & (Table3) BEZ bR
7z.

w26 BB W TiE, pHIZIRWTL V4 &
FTHEROEEL) A HFRIEETHSE. LI AT
J& B O 8 B 5 i X 32~42C T, 484~50.0T A%
ERESNZY. SHOFETL V4 2T EBEKEO
EBRIE563C 0% OKT, 55CUEDF v X
50C AKiid 1/10 \I2M&F L7 (Table 6). $AFE L 72
D6 ENI A A L TW b, #ESEEES
WCED D 60C LETEHEHL TV A HERIE 4 #2572

Z2\y (Table 1), [HLEE] (34 2% A% B 22 B0 3 L X
MR BWTHIZMW THIE LB B2 WIRETH

0, B EIRST A2 EMRERRY SR CHERT 5
TENEREEZ SN REEESEEEREAOK
R E LCHBNENBTONS, HHEZERL v
LHEBBD DA BEHRIIGON Lo 72
2%, 02mg/L PLETHG) X 7 I TR A 7z
(Table 6). HFEHMERRGEOWERBEEL L V4 AT
Hg L DR ON L o722 &5, pH 602 1
DR TIHOL Y EROBEZ LR LB 55C L
FACHERE T B 2, HEREME KWL & 02mg/L DL RITHR
DZEDVUETHA).

—7Ji, BHAROV I A FHGICE LTI, HIK
DFELEFHL L THRVUEEATDH, 395% (45/114) ©
WHEARP O L VA 2 7 BWAH S5 2 LIidiER &
L5 (Tabled). T»9H b5, HHEEIME I NG
82 - 371 (45.1%) 25 L I A A FIRE A R
RSN TEBY, HHOERTORMBE (204%) &
W#e§ % & (Table 6), #MFif LaERICBWTIRE
WCOHEPBDOTRELEAGEZ DL LEEZ LN
5. ZEOAVRAT 4 v 7 BEGHTHEAED Y A7 KT
A L7458, B oREDS S M UL ETL It AT
BERDSEZIHINT 2 2B L& ol HlRE
%ﬁfi@@®%@ WCEERGE R ET I v EMHibRwv

Wy ARPAHBICE P> 7220%, $EO VA
T4 v 7 GG TSN S N FORRE LT,

EHEF MRS H83%% Wl w



iR LARR O L P £ Z B AR

Table 5 Risk factor analysis for Legionella contamination in bathtub water (uni- and multivariate logis-

tic regression analysis)

Risk factors

Legionella spp.

univariate model

multivariate model

positive/total (%) OR (95%CT) OR (95%CT) D
Total 64/137 (46.7)
Legionella contamination of inlet faucet/pouring gate water
- Legionella-positive 19/23 (82.6) 7.28 (2.32—22.8)¢ 6.98 (2.14-22.8) 0.001
- Negative or not examined 45/114 (39.5) 1.00 1.00
pH
-=60 62/120 (51.7) 1.00 1.00
-<6.0 2/17 (11.8) 0.12 (0.03-0.57)> 0.12 (0.02-0.63) 0.012
Quality of hot spring
- Chloride and/or bicarbonated spring 26/42 (61.9) 1.86 (0.79-4.37)
- Simple hot spring 21/45 (46.7) 1.00
- Sulfate spring 9/24 (37.5) 0.69 (0.25-1.89)
- Sulfur spring 8/26 (30.8) 051 (0.18-1.41)
Chlorine concentration
- = 0.2 mg/liter 2/8 (25.0) 0.36 (0.07-1.85) 0.28 (0.04—1.83) 0.185
- < 0.2 mg/liter 62/129 (48.1) 1.00 1.00
Volume of bathtub
-=50m3 38/65 (58.5) 249 (1.25-4.96)> 2.74 (1.28-5.89) 0.023
-<50m3 26/72 (36.1) 1.00 1.00
Cleaning procedure
- Brush 10/38 (26.3) 1.00
- Brush + detergent 27/51 (52.9) 3.15 (1.27-7.81)a
- Brush + disinfection ( + detergent) 15/30 (50.0) 2.80 (1.01=7.74)a
- Non brush (HPW and/or disinfection) 12/18 (66.7) 560 (1.66—18.9)P
Main material
- Stone 32/57 (56.1) 1.42 (0.68—2.94)
- Tile 28/59 (47.5) 1.00
- Concrete 2/10 (20.0) 0.28 (0.05—-1.41)
- Wood 2/11 (18.2) 0.25 (0.05-1.24)
Drain and cleaning frequency
- Daily 57/109 (52.3) 1.00

- Every 2 days
- Every 3 days or less

3/12 (25.0)
4/16 (25.0)

0.30 (0.08—-1.18)
0.30 (0.09-1.00)

ap = 001 to 0.05.
bp = 0.006 to 0.009.
¢p < 0001
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Table 6 Risk factor analysis for Legionella contamination in inlet faucet/pouring gate, storage

tank, and source waters (uni- and multivariate logistic regression analysis)

Risk factors

Legionella spp.
positive/total (%)

multivariate model

OR (95%CI) P

univariate model

OR (95%CI)

Total
pH

-=60

-<60
Temperature

-=55C

-50-54C

-<50C
Quality of hot spring

- Chloride and/or bicarbonated spring

- Simple hot spring

- Sulfate spring

- Sulfur spring
Chlorine concentration

- = 0.2 mg/liter

- < 0.2 mg/liter
Storage tank

- Present

- Absent

Cleaning frequency (storage tank or pipe)

- Every month or more
- Every 2 to 6 months

- Every year or less

- None

41/201 (20.4)

40/149 (26.8)
1/52 (1.9)

1/26 (3.8)
4/25 (16.0)
36/150 (24.0)

16/73 (21.9)
16/56 (28.6)
5/34 (14.7)
4/38 (10.5)

2/17 (11.8)
39/184 (21.2)

29/103 (28.2)
12/98 (12.2)

8/24 (33.3)
7/34 (20.6)
11/46 (23.9)
15/97 (15.5)

1.00 1.00

0.05 (0.01-040)>  0.06 (0.01-048) 0.008
0.12 (0.02-093)2  0.10 (0.01-0.77) 0.027
047 (0.15-142) 037 (0.12-1.18)  0.092
1.00 1.00

0.70 (0.31-1.57)

1.00

043 (0.14-1.31)

0.29 (0.09-0.96)

050 (0.11-2.26)

1.00

281 (1.34-589)>  1.62 (0.72-3.65) 0.240

1.00 1.00

1.59 (0.54-4.71)
0.82 (0.28-2.41)
1.00

0.58 (0.24-1.39)

ap =004
bp = 0.004 to 0.006.
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Legionella Contamination Risk Factors in Non-circulating Hot Spring Water

Tatsuya KARASUDANTI", Toshiro KUROKI”, Katsumi OTANI?, Seiichi YAMAGUCHI", Mie SASAKT’,
Shioko SAITO", Masahiro FUJITA”, Kanji SUGIYAMA?®, Hiroshi NAKAJIMA”, Koichi MURAKAMI",
Toshitsugu TAGURI", Tsuyoshi KURAMOTO"?, Fumiaki KURA", Kenji YAGITA", Shinji IZUMIYAMA",
Junko AMEMURA-MAEKAWA"Y, Toshio YAMAZAKI", Kunio AGATA" & Hiroo INOUYE"
YEhime Prefectural Institute of Public Health and Environmental science, ?Kanagawa Prefectural Institute of Public
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Prefectural Institute of Public Health and Environmental Sciences, *Shizuoka Prefectural Institute of Public Health
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Kagoshima Prefectural Ijyuin Public Health center), ’ Department of Bacteriology, Y Department of Parasitology and
YDivision of Biosafety Control and Research, National Institute of Infectious Diseases, “Tsukuba Research Labora-
tory, Aquas Co., Ltd.

We examined water from 182 non-circulating hot spring bathing facilities in Japan for possible Legionella
occurrence from June 2005 to December 2006, finding Legionella-positive cultures in 119 (29.5%) of 403 sam-
ples. Legionellae occurrence was most prevalent in bathtub water (39.4%), followed by storage tank water
(23.8%), water from faucets at the bathtub edge (22.3%), and source-spring water (8.3%), indicating no statis-
tically significant difference, in the number of legionellae, having an overall mean of 66 CFU/100mL. The
maximum number of legionellae in water increased as water was sampled downstream : 180 CFU/100mL
from source spring, 670 from storage tanks, 4,000 from inlet faucets, and 6,800 from bathtubs. The majority -
85.7%- of isolated species were identified as L. pneumophila : L. pneumophila serogroup (SG) 1 in 22%, SG 5 in
21%, and SG 6 in 22% of positive samples. Multivariate logistic regression models used to determine the
characteristics of facilities and sanitary management associated with Legionella contamination indicated that
legionellae was prevalent in bathtub water under conditions where it was isolated from inlet faucet/pouring
gate water (odds ratio [OR]=6.98, 95% confidence interval [CI]=2.14 to 22.8). Risk of occurrence was also
high when the bathtub volume exceeded 5m’® (OR =2.74, 95% CI=1.28 to 5.89). Legionellae occurrence was
significantly reduced when the bathing water pH was lower than 6.0 (OR=0.12, 95% CI=0.02 to 0.63). Simi-
larly, occurrence was rare in inlet faucet water or the upper part of the plumbing system for which pH was
lower than 6.0 (OR =0.06, 95% CI=0.01 to 0.48), and when the water temperature was maintained at 55C or
more (OR=0.10, 95% CI=0.01 to 0.77). We also examined the occurrence of amoeba, Mycobacterium spp., Es-
cherichia coli, Pseudomonas aeruginosa, and Staphylococcus aureus in water samples.
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