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USRI IR BRRE AT, © MATRATERT AT, © ILTRRETAERTAR. ¢ WRIRH LR (),
S E R R R BRI AT, © BB ERT AT, B WA A BORRR SEAT, ¥ W IR IR A A SR AR
YRR R Yy —, W LRERSERT AT,V REGRRERRTEL v 5 —,
T ERBRRSREE s — (Bl RSP PTRIEAT), B RS TR AT B 55— i,
WE FEBWE YR SAFE—77 1 BEE 727 R SRS

Be R OBA R XK®E BE Lo s
i 2 RFEILY  PESHRTY  EHE RS Bl ERY
g ¥ Ak B HR O AET ®ot WY
g XmY JORH/ERY R /R R ST
g FURES OB FREEY HEE R

CER 2049 A 11 HZA)
(FRC 20411 A 5 HH)

Key words : Legionella, epidemiology

® F

2005 4 6 H~2006 4F 12 A oMM, SEOWERREF20EHTi LRNER 182 ke R, LI43
I RESOMBAREN G RMAE LT, 205% (119/403) ORFAPL LI A A FREE M L. R
AR ORMEITIEMA394% LRb <, Krii 238%, #1223%, ¥R 83% L WHEAROT
MR B EYM#) (3 66CFU/100mL T, RPMAICE2FEXEIZDOONLh o728, HEBORMMH
RS, BB BOTERLEN 180, 670, 4000CFU/100mL X #imL, #H#Tid 6800CFU/100mL 2%
L7 BBtESE D 84.7% 45 Legionella pneumophila 2%5r#E S 1L, MR (SG) BITIXSG 1, 5 64%h
Fh22 21, 22% EAREORIETHo/. LIFATREOHERICHS T 2 MEEM L RFERD
WA O ICT A0, BHMEBIERMEICHIT, 2EOTVRAT7 1y Z7ERGHTET-72. BHTO
Hge) 2743, BOAFL YRS I0HERINTV LA (OR=698, 95%CI=214~228) K UMz
A5m L E D4 (OR=274, 95%CI=128~589) (2% {, pH6.0&Ki# (OR=012, 95%CI=002~063)
TRETF L BB, $0LEK T3 pH 604k (OR=006, 95%CI=001~048) K UF55T LLE (OR=

010, 95%CI=001~077) TL V% & 7H5% H L 7.

LIVF A7 BMEUNOBEREY E L THERA.

K, RBERVCEET F7IRBEEZREL, HROEBEHOHIILL.

F X
b ETIE, RREE P HRE - RE - HEOH
ELTHASh, MEORAIFITATEL &
£, RAROEEIEM S EVIRR EFIH LA
HERARHY LA, £0% J3HMAESH L THA
32 MERABHE] 28RAL, METEEAT 2%
METL V42 FHEORABRRPHERH (HRE % -

HURI &SRS - (T790-0003) FERWA LT =/ 8 T H 234

it
5 0 UL X7 i A TR T R A A R R IR R AR
EHMEH R R

(B HeAESE 83 @ 36~44, 2009)
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NEQFAEBYICHFEL THMT Y. BRABEIC
BWT, ABEHROARW L BEICEALERKDIHE
BN 2 A BHFCHEEENEL LIFFATREO
B 0T T DS TB Y, HRBIEO DI
R ERE T M) v A SO & EIE R IE TR
TAHIEMWLALRDY. —), BRREEF W
ik LRIRR | Tid, ABREIRLALAMY S
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Hd Y, HEERABHICHEThEIVbDLEZS
s, LaL, BmLAEREHRE LB OHN
FT10~27% BEOL V4 5 7 BERHKIHE S
NTWAEY, WEBBSRLNATVWS X, wiTh
LM T OH R E —TAIZICIB L2/ XS, E
W H-HRR, Bl BOSFZ2eo ek
OFERRNZRE LRI RY 268w, £/2, A
WiliEO L 42 7 REERET 2 LTI, ko
BEHOPIZTIRITEL, MG REE L
FHETHAL, VIVAASHEREFIEECITERS
HERIZTAHIEHNEETH L.

FOU, M LARBROEREEBICAIL - mAR
BPEE2M L5770, 28 13FEO#TE LR
REMBICRE, HERR WESTHHTESEEUE
BREZITV. LIFTAFHERCEEZRIZTIAZ
TR AR LI

HREHE

1. #ExNg

SIS BIACT & 2 W I AT S O RLAE & — 04
7o¥, Ao, RREICKET [HR] 2FHT 2 MR
Z [Erd LR AL, WEMNSLE L

2005 4E 6 H~2006 4 12 B2 3T, £FE 13FFE
OET I LRIRR 182 Migkic o v THEE R0 & U &
HAHRREMWET S L L 612, 403 FOMRMRAZT RN
LiAEmmE kiR 2 WA L. REEBIZ, &%, pH,
HRERRIEE, VIR TRE, HEEE, 7 A9,
KB, RIRE ®HEe7FYRMEEEEL

2. BERE:

ABHmEE, pH, MEREFRWIEFE R ITIRAKRICHE
L7:. AERIE, 7A—SERAREISET, i
OREWRER OREIZER D ICES L TEHEE
PRICHRA L, 48 BEMILINICHE Z B L 72,

VP33 7R o E e U Bl Hm L ¥4+
FRERFIETREI ICHEIA L 7. BB, A HIELBEMILEO
&2 8F 200mL % 6,000g, 10 4-MT, Ak
O 5 A 13 B 500mL % L 045um @ A ) A — K
F=F740F— (IUFRT) TERENI100 fFICHR
#intk, 50C, 20 OB E T\, £D 0.1mL % GVPC
EREW (HREF A 2—) LIZ®AL, 3621T
TIOHMERLE. LI 35 BMERKOESE % MK
EREM E BCYEa A TR EER, 254 F
MERIS (Frh4&M, 57y 7 A8ERRG
(OXOID), DNA-DNANA TN ¥4 ¥— a3~ (W
B, mip BIZTOWIBER U 16S RNA BEZTD
WERFREICLD, BERVCMLENROREEZIT-7:
(BeIHBRA 10CFU/100mL). PUEER#R AL, 100 fi5 i
MABICHE O 4%NaOH % b 2 TR 20 4 A
k., 01mL % 2% /bJIIRsi#e (BRHTHEE) 12 L 36+

Fik214F 1 A208

1T T8 MM LAz oW LML, EVEEYE
WFZErr o TH{LFEmER. DDH, mERNRER &
KEIVHEOREZfTo7. KBEIXZ) 35—}
MPN (7 AH#%) 2#MHHL, RIBEEFRE TV
TEHEZAMEERERICETE MPN iz Rk
Pz, TA—REILEES"D [7 A — 3550 - Bl
YoaTI] ICHEL

3. BratfEAT

#atst v r— VI3 R version 262 (R Development
Core Team)"% i L7:. EHMOEEDEZ
Tukey DZ BB H\v, ZHMOTFHMHEOLEZ
NG A MYy 2l LT Tukey DEBRREE, %7:,
GO ENEH SN IHEITIE Turkey DE EH
BUZHA T/ »28F 2 M) v 70 Steel- Dwass D%
HREEH, Wb AEAKEIIERE 5% KL
L7z, LVA 2 FBEGRCMET VR IHETFEGF
filiyazod, LIFATRERNOEELHHERE
L, &HWEBOL v XH (OR) KT 95% f7EX M
(CD) ZHMLY:. E2EOIVAT AL v 7EAKBETLD
HEELITE, step MBCE IV 7= 2 B0l A L OV 88 B
ik EML, AIC (Akaike's Information Criterion)
TIRRICERGRIRE T 5 72

B &

1. HEx R U RN

HAEERODM R T EFEIRK % Table LicF &£ ®
z. pH3ORGOEERA203% £, WR% N
FLTVSHEERIZ225% THho7:. M ZROM
X132 584% T, D) bimE#% 60T LLEIZHERL T
WHREEIZ37.0%, FE 1R EERLTWAKKIE
576% Tho/z. T/, EROEMHERZT-oTw
DRARXIE A% ICE ¥ T o7 WHICOWTIE #
FEHOMEPER S UL EOKBHELHE, BHE2
AR TR EERL TV 5 Mk 744% Tdh o7z,

2. BRUUHD A5 50 H

403 FH 1194 (295%) 6L ¥4 & 7 IRM AR
&7 (Table 2). FREUH 2R o 4 H 303 54 2%
394% E|HE <, H223%, Brintl 238%, HR
83% T, BFRPOHBHIIELIREIZIN - THREHRIZ
Wl VI3 7ERERE 19O TR (&
[ EHMHE) 132 66CFU/100mL T, MEOBBIZHE
HEREDLN o2, HEOREMHITER, K
WA O TERNFRI180, 670, 4,000CFU/100mL
LML, M TIX6800CFU/100mL iZE L. 7
A=—NLLVARIBEEABROGHERL. M
30.3%, Hrifify 190% ORENETH -7z, HLBEE X 380
7 (18%) oz h, $XTHHETH-
7z, [8lE 2 7= B2 Mycobacterium avium, M. scrof-
ulaceun %% % 2 ¥, M. szulga, M. triplex 3% % 1 ¥ T
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Table 1 Facilities and sanitary management at 182 hot

springs
Facilities Number (%)
Sorce of hot spring
Temperature
- Z 60T 55 (30.2)
- 50-59T 67 (36.8)
- < 50T 60 (33.0)
pH
- =85 31 (7.0
= T5-84 74 (40.7)
- 60-74 35 (19.2)
- 30-59 5@7
- <30 37 (20.3)
Quality
- Chloride and/or bicarbonated spring 60 (33.0
- Simple hot spring 49 (269)
- Sulfate spring 34 (187)
- Sulfur spring 39 (214)
Disinfection
- Present 41 (225)
- Absent 141 (775)
Storage tank
- Present 104 (584)
- Absent 74 (41.6)
Temperature
- Z260T 34 (37.0)
- 50-59T 25 (272)
- < 50C 33 (359)
Material
- FRP 56 (57.1)
- Concrete 27 (276)
- Wood 701
- Other 8 (8.2)
Cleaning frequency
- Every month or more 20 (20.2)
- Every 2 to 6 months 23 (232)
- Every year 14 (14.1)
- As necessary 15 (15.2)
- None 27 (273)
Distribution pipe
Regular cleaning
- Present 59 (34.5)
- Absent 112 (655)
Bathtub
Volume of bath
- < 50m3 82 (51.9)
- 50-99m3 34 (21.5)
- 2 100m3 42 (26.6)
Main material
- Tile 77 (41.0)
- Stone 83 44.1)
- Wood 15 (8.0)
- Concrete 13 69)
Drain and cleaning frequency
= Daily 134 (744)
- Every 2 days 22 (122)
- 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 (187)
- Non brush (HPW and/or disinfection) 19 (11.4)

*HPW: High-Pressure Water Jet

bot:. KK, BIRE, WE7F7REIWTHRD
Wl S B ICR S h, BETORBEEIELE
11.404%, 308%, 308% TaH 7.

3. LIA R TREHRONE

Table 3ICiRER U pH B ORHESL, Bl L L
fl GEO, FRERUTER) LCHTORLE LY
37 RMI50C U ETRIHENFETL, 55T D E
TiX 26 fFH 1 1 (56.3C D) DHADRETH -
7ot TA=28350C LEORBTRIXTEET
bofz. T, LIA X TEER pH 6.0K T
HAMETF L, pH3OKMTIIRH St o7225, T
A—=7%13 pH 60KMDAHTRIXTEETH - 12

4. FEESNIL VA R 7RO R Ul B

TSN VYA RTRAIZ6MT, 119 fF 102
F (85.7%) DK% Legionella pneumophila 753 #
&Nz (Table 4). L. pneumophila DML E (SG) I
WRIE, SG1, 5, 6 BEFNEN 21.8%, 21.0%, 21.8%
ERBEOTHEEREZRL, SG3, 4 BRENEFN 176%,
143% EHvi:. LY A TREAV RSN AR %,
L. pneumophila SG 1. SG1 LASV® L. pneumophila, L.
pneumophila SO L V4 2 Z BB O 3HIZ AT TH
AR O pH RREDTIEZ LB L. TOFKE.
L. pneumophila SG 1 (pH 7.6+09) 1%, SG1 DSt L.
pneumophila (pH 80%0.7) & & L TpH A &I
ik < (Steel-Dwass # H ¥, p<005), ETIXL
preumophila SG 1(443+44T )3, SG1 MBSO L. pneu-
mophila (423+32C) EHBL THEIZH (Tukey
LEEH, p<005) HEFFLIL.

5 LIVARTRBBHERDO) A2 AT

L34 3 7 BB ORI B G§ % Wi i e URSF
BHONMETHLLICT L0, LTI BiR
BMEHIT EEAIAT 4 v 7 ERGHT 24T 272
HcBVTIR, BOPLORAKS LV ETRE
RIS T2 5E (OR=698, 95%CI=214~
228) R UHIARA5m' Bl (OR=274, 95%CI=
1.28~589) TV A7 A% <. pH 6.0kil (OR=0.12,
95%CI=002~063) TV A Z H&TF L7z (Table 5).
B, REEFICHEORSEHE HHRUFRKES
BREIC oW T b afli 2 47V, HMERMATTI2E L/
REAFER, 77 Y2 bRV ERESE, AOBE
THRUEIE 22 AEALRIY, FHEOIR
T4y Z7ERGHTHEEZMREIED SR Eh o7

—7%., L#tflics v Tk pH 60FKi# (OR=0.06,
95%CI=001~048) KUK 55T Lk (OR=0.10,
95%CI=001~077) THEICVRAZPETL, il
HWOHAETY) A7 HHMT 2@ @24 5/ (Table
6). d, ME, WHEFREERRER VRS - RE
OWEHHBE IOV T bRkl & 17w, WERBT T2 6K

MgGEE ML W83% W1
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Table 2 Microbial contamination of hot spring samples (n = 403)
Organism Parameter Bathtub F};lﬁ_} nf:ugc:lle Si‘;ffe Source Total
Legionella spp. No. of positive samples/total (%) 787198 (394)  33/148 (22.3) 5/21 (238) 3/36 (8.3) 119/403 (29.5)
with =2 10° 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) 81x10 41x10 80x10 48x10 66x10
Maximum count (CFU/100mL.) 68103 40103 6.7 x 102 1.8x 102 68x103
Amoehae No. of positive samples/total (%) 57/188 (30.3) 6137 (44) 4/21 (19.0) 1733 (30) 68/379 (17.9)
Geometric mean (PFU/100mL) 35%10 20x10 12x10 5 32x10
Maximum count (PFU/100mL) 25108 1.0x102 50x%10 5 25x 108
Mycobacterium spp. No. of positive samples/total (%) 77189 (3.7) 07136 (0.0) 021 (0.0) 0/34 (0.0) 7/380 (1.8)
Geometric mean (CFU/100mL) 21x10 21x10
Maximum count (CFU/100mL) 1.0x 102 1.0x10°
Escherichia coli No. of pesitive samples/total (%) 807198 (404) 67124 (1.8 1/17 5.9) 0/30 (0.0 87,369 (236)
Geometric mean (MPN./100mL) 42x10 12x10 9 38x10
Maximum count (MPN/100mL) 24 %108 1.5x102 9 24x108
Pseudomonas aecruginosa  No. of positive samples/total (%)  60/195 (30.8) 57121 (4.1) 1/17 (5.9) 1729 (3.4) 67/362 (18.5)
with = 10 MPN/100mL 327195 (164) 17121 (0.8) 1717 (5.9) 1729 (3.4) 35/362 (9.7)
Geometric mean (MPN/100mL) 28%10 74 14 =103 24 %102 28x10
Maximum count (MPN/100mL) 24108 15 %102 14 =108 24x10° 24 %108
Staphylococcus aureus No. of positive samples/total (%) 60,195 (30.8) 37121 25 0/17 (0.0) 0/29 (0.0) 63,362 (17.4)
with = 102 MPN/100mL 137195 (6.7) 0/121 (0.0) 0/17 (0.0) 0/29 (0.0) 137362 (4.1)
Geometric mean (MPN/100mL) 23x10 33 21x10
Maximum count (MPN/100mL) 24 %109 4 24x103

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

No. of positive samples/total (%)*

Inlet faucet/pouring gate,

Characteristic Bathtub Strige tank. Sourte
Legionella spp. Amoebae Legionella spp. Amoebae
Temperature
55T = 1/26 (38) 0/24 (0.0)
30-54T 0/4 (0.0) 0/4 (0.0) 4731 (129) 0,28 (0.0)
45-49T 4/11 (36.4) 5/11 (45.5) 10/39 (25.6) 0739 (0.0)
< 45T 74/183 (404) 527173 (30.1) 26/109 (23.9) 11/100 (11.0)
pH
85 = 15/30 (30.0) = 11730 (36.7) » 10/35 (28.6) » 7/30 (23.3)
75-84 40/81 (494) = 31/74 (41.9) ¢ 20/80 (25.0) 2 2/74 (27
60-74 21/44 477 15742 (35.7) ¢ 10/37 (27.0) » 2/35 3.7
30-59 2/11 (18.2) = 0/11 (0.0) ¢+ 1/8 (125)a 0/8 (0.0)
<30 /32 (0.0) & 0/31 (0.0) b4 0/45 (0.0) b 0/44 (0.0)

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

B, HWFRE 02mg/L LA ETHRINEIE T3 2 M
MARALGNTZA, FEOVAT 4 v 7 AN THE
RO Lo,
% B

— T, BT LA R LT L
VAR TIBEERD) A7 NS nEWH L A=THt
H25H, CHIRBLZORHABRRFEFDL T+ 7 RE
RGBSR S B HIC X s T &R S
N ELEDY. MROLVIYAFTHERICHETLIE
BRATIE, #EL"VHRABMEPLL LA
T 495%. il 5Y RN 380%. HhTuk LK 27.3%
ORHEEZHEL TwD. S0, Bl LARR 2

FE214 1 208

gL L-2EREORR B A 394% (78/198
) LUV IFATEENRE S, LG
EBVTLEFLUEH E HEEOHE TREh S S
EERBSH,IC LA BHEEIZ 100CFU/100mL # i
DRBAT628% (49/78 ) % % (Table 2), #EHR
R (35~48%)" L W3 2 L EBRBEMIZ A L
TwaEEEzb6hb, LAL, 100 CFU/100mL #if
Th-o-ThH, BRFEOEBRETFHOFBRRETIZ
IO/ NDECRETRENRIT L0, 5#
—RBoOFEEEOXENLIND. SHOMET, #
G LARR CTOHFEREMAHONE R L idH
EHTHLH HAPLOFEEIFHEREATOWRIZHHO
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Table 4 Legionella species and serogroups isolated in hot spring water (n = 403)

No. of positive samples (%)

Organism pH Temperature (T)
Total
LTS 75= <45 H=
L. pnevumophila 102 (85.7) 27 (794) 75 (882) 84 (840) 18 (4.7
serogroup 1 26 (21.8) 13 (38.2) 13 (153) 18 (180) 8 (42.1)
2 1(0.8) 1(12) 1(1.0)
3 21 (176) 5(14.7 16 (188) 17 (17.0) 4 (21.1)
4 17 (14.3) 3 (88) 14 (165) 12 (120) 5 (26.3)
5 25 (21.0) 4 (118 21 (247) 22 (220) 3(158)
6 26 (21.8) 5(147) 21 (247) 22 (220) 4 (21.1)
7 4 (34) 447 330 1(33)
8 6 (5.0) 3 (88) 369 5 (5.0) 1 (3.3)
9 542 3 (88) 224 5 (5.0)
10 8 (6.7) 2 (59 6 (7.1) 7@70) 1(5.3)
11 20D 1(29) 1(12) 2 (20)
13 1(08) 1(12) 1(L0)
15 108 102 1010
uT 28 (235) 4 (11.8) 24 (282) 22 (220) 6 (31.6)
L. dumoffii 2 (1D 129 1(12) 1 (10 13
L. londiniensis 8 (67 129 782 4 (4.0) 4 (21.])
L. micdadei 1(08) 1(12) 1 (Lo
L. oakridgensis 5(4.2) 5069 5 (5.0)
L. rubrilucens 20D 2 (24 2 (20
Other Legionella spp. 23 (193) 10 (294) 13 (15.3) 21 (210 2 (10.5)
Total 119 (100) 34 (100 85 (100) 100 (80) 19 (100)

W) A2 THCERTHZ 06 (Table 5), #
HoOH% 6 THH S Vi LR TOZEMRE % £
L, e He L bl iz#LoLE
PHHEEZLNSD.

L¥d 4 BHIE pH 300 F 0B R % 657C L L
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AMLTYAZFMZToR WHECKED) 22
EHIZpH Th o7z SHEIOFETIZ pH 30~59 D
RN Loz pH 60T B & L TRl
L7-#% pH6ORMTIZL VA2 FHRY R 213
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Tl ikt dh 72k (Table3) £ Z 6N
.

W6 EHFAIBWTIE, pHIZKWTL I 4 2
SHEROEELZVAZATFIRRETHS. LVFET
TR B o> 7 3 0% B8 iR 13 32~42T T, 484~50.0T #f
FEREShDEY. SEHORECTCLIAATREREO
EBRIZS63C HHOAKT, 55C LA EDA v XHi
50C #ilD 1/10 12 F L7 (Table6). #AFEL7/-H
BROHIIFBEEERAL TV, HEETARERS
ICEDS 0T U ETHHRL TWAERIT4BICH

72> (Table 1). [HREE] (3 EASHL&E 2 #H T ok L &
RARCBOTHRUTHEHLELBIL2VWEETDH

D, EiBMEINRT A% ETRERR D WiRTHERET S
ZiaEBEEL o, BESHESRERLESOK
UL LTHENBFEIETOND, HEEZEBLTY
AR ENL BV OERLFHREIBELA 27
A%, 02mg/L A LETHERRY 2 7 IZETHAA LR
(Table 6). KFHMPLRBHEOHRMMELL VLR
w72 A6, pH60EE
OB TRBFOLY LHOEREE V% & 55T L
EICMERFT D2, HEREEFIRIEE 02me/L L EIZ4R
DI ENUETHST.

—%, BHAOLIF A SHERICWL T, BOK
DHERVW P TEVWEETDH, 395% (45/114) ©
BHAPLLIAATEREFRNENLZERERS
N3 (Table5). oI55, HOBRESHIESLIE
M2 37H (45.1%) HLIFATERENEE
CHERTEY, BOLEKTORBE (204%) &
¥+ 5 & (Table 6), #iFoLABRRICBWTIRE
BRTOBERFEODTRKELHEEEDLEELLN
5 Z2B/OUIAT4 v 7B THBOI A ZAT
A LAERE BHEOARYF S UMETLIYAEF
HRPEREICHMTA2ZEPFBEONE R BHER
B TIEEORRICRIERGLET T V2 EDR Y
BEICAy AEFERICE P o2, FEOIR
74 v 7 TRENSRE FORBELT,

BYSETMEE HBR3% BT



HIRLARROL VG4 7 BEHEREN 41

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

tic regression analysis)

ik factors Legionella spp. univariate model multivariate model
positive/total (%) OR (95%CI) OR (95%CI) p
Total 64/137 (46.7)
Legionella contamination of inlet faucet/pouring gate water
- Legionella-positive 1923 (82.6) 7.28 (232-228F 698 (2.14-228) 0001
- Negative or not examined 457114 (39.5) 1.00 1.00
pH
-2 60 62/120 (51.7) 1.00 1.00
-< 60 2/17 (11.8) 0.12 (0.03-057)® 0.12 (0.02-063) 0012
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 (0.18-141)
Chlorine concentration
- 2 02 mg/liter 2/8 (25.0) 0.36 (0.07-1.85) 028 (0.04-183) 0.185
- < 0.2 mg/liter 627129 (48.1) 1.00 1.00
Volume of bathtub
-250m3 3865 (58.5) 249 (1.25-4.96) 274 (1.28-589) 0023
- < 50m? 26/72 (36.1) 1.00 1.00
Cleaning procedure
- Brush 10/38 (26.3) 1.00
- Brush + detergent 27/51 (529) 315 (1.27-7.81)
- Brush + disinfection ( + detergent) 15730 (50.0) 280 (1.01-7.74)
- Non brush (HPW and/or disinfection) 12/18 (66.7) 5.60 (1.66-18.9)b
Main material
- Stone 32/57 (56.1) 142 (0.68-2.94)
- Tile 28/59 (475) 1.00
- Concrete 2710 (20.0) 028 (0.05-1.41)
- Wood 2711 (182) 0.25 (0.05-1.24)
Drain and cleaning frequency
- Daily 57/109 (523) 1.00
- Every 2 days 3/12 (25.0) 0.30 (0.08-1.18)
- Every 3 days or less 4/16 (25.0) 0.30 (0.09-1.00)

ap = 001 to 0.05.
bp = 0.006 to 0.009.
¢p < 0001
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BHAMT 2L RABROMWMA, 75 kI b
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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)

Legionella spp. univariate model multivariate model

Risk factors

positive/total (%) OR (95%CI) OR (95%CI) p

Total 417201 (204)
pH

-=60 40/149 (26.8) 1.00 1.00

-< 60 1/52 (1.9) 005 (0.01-040> 006 (0.01-048) 0.008
Temperature

-2 55T 1/26 (3.8) 012 (0.02-093® 010 (0.01-077) 0.027

-50-54T 4/25 (160) 047 (0.15-1.42) 037 (0.12-1.18) 0092

- < 50T 367150 (24.0) 1.00 1.00

Quality of hot spring

- Chloride and/or bicarbonated spring 16/73 (21.9) 0.70 (0.31-1.57)

- Simple hot spring 16/56 (28.6) 1.00

- Sulfate spring 5/34 (14.7) 043 (0.14-1.31)

- Sulfur spring 4/38 (10.5) 029 (0.09-0.96)
Chlorine concentration

- 2 02 mg/liter 2/17 (11.8) 0.50 (0.11-2.26)

- < 0.2 mg/liter 39/184 (212) 1.00
Storage tank

- Present 29/103 (282) 281 (1.34-589)> 162 (0.72-365) 0240

- Absent 12/98 (12.2) 1.00 1.00
Cleaning frequency (storage tank or pipe)

- Every month or more 8/24 (333) 159 (054-471)

- Every 2 to 6 months 7/34 (206) 082 (0.28-241)

- Every year or less 11/46 (23.9) 1.00

- None 15797 (15.5) 058 (0.24-1.39)
ap = 004

b p = 0.004 to 0.006.

22V TIE WHO 714 F54 YITREN AR
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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"™, Toshio YAMAZAKI"”, Kunio AGATA"™ & Hiroo INOUYE"
"Ehime Prefectural Institute of Public Health and Environmental science, ’Kanagawa Prefectural Institute of Public
Health, *Yamagata Prefectural Institute of Public Health, *Yamagata Prefectural Murayama Public Health center, *
Miyagi Prefectural Institute of Public Health and Environment, ®*Akita Prefectural Institute of Public Health, "Gunma
Prefectural Institute of Public Health and Environmental Sciences, ®Shizuoka Prefectural Institute of Public Health
and Environmental Science, ®Okayama Prefectural Institute for Environmental Science and Public Health, "Fukuoka
Institute of Health and Environmental Sciences, ""Nagasaki Prefectural Institute for Environmental Research and
Public Health, "Kagoshima Prefectural Institute for Environmental Research and Public Health (currently working at
Kagoshima Prefectural Ijyuin Public Health center), "’ Department of Bacteriology, 'Y Department of Parasitology and
®Division 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]=698, 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). Simni-
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=001 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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The Relation between Legionella and Free-living Amoeba,
and the Treatment of Equipment at Bathhouses where Legionella is

Controlled by Chlorination

Koichi MURAKAMI'*, Hidetoshi NAGANQ®, Tamie NODA', Mitsuhiro HAMASAKI',
Kazumi HORIKAWA', Yasuhisa ISHIGURQ', Takeshi OTOFUJI?, Yoshiyuki MUKAEDA?,
Shinji IZUMIYAMA®, Kenji YAGITA* and Takuro ENDO*

' Division of Pathology and Bacteriology, Fukuoka Institute of Health and Environmental Sciences,

Mukaizano 39, Dazaifu, Fukuoka 818-0135, Japan

*Kasuya Office for Health, Human Services, and Environmental Issues,
235-T7 Tobara, Kasuya, Fukuoka 811-2312, Japan

! Division of Public Health, Department of Health and Human Services, Fukuoka Prefectural Government,
7-7 Higashi-koen, Hakata-ku, Fukuoka, Fukuoka 812-8577, Japan
‘Department of Parasitology, National Institute of Infectious Diseases,
Toyama 1-23-1, Shinjyuku-ku, Tokyo 162-8640, Japan

An epidemiological investigation was conducted among public bathhouses that can be used
after payment of an admission fee (including hot springs) in Fukuoka Prefecture, Japan, be-
tween 2002 and 2004, to estimate the prevalence and distribution of Legionella and free-living
amoebae in these facilities. As a result, Legionella were isolated from 29 of 100 samples, and
free-living amoebae were isolated from 27 of 100 samples from 37 bathhouses. There was a sig-
nificant relation between the existence of free-living amoebae and Legionella (p<0.01). After
chlorination, 0.7 mg /1 and more and 0.5 mg /1 and higher concentrations of free residual chlo-
rine were significantly effective in controlling the proliferation of free-living amoebae and
Legionella, respectively. However, some equipment, including pressurized filtration systems
with biological filtration and the collection tanks for recycled bath-water were highly contami-
nated with Legionella and free-living amoebae, despite of presence of free residual chlorine. In
addition, because there was no disinfection process, Legionella and free-living amoebae were de-
tected in some baths with medicinal herbs. (Accepted 16 July 2008)

Key words : Free-living amoebae (HH&EEH 7 A — V) /Bathhouse (i¢#})/ Legionella (L
Y # % 5 EHE)/Public health (A% #F4E).
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Table 1. Change in the detection rate of amoebae- or
Legionella-positive samples
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HEahidh- BB ELV LU RS BEOKE
BREFEICEWIEMELMER -2 (1 %BER
E, x'BE, 1 x—YOHIE) (Fig. 1),
AEOMBICLD L VA XS BE & HRAERE
T A= "OBHER%E Table 2 127”77, @FED
B D238% Mo LU RS BED, 19.0%M 5
HHEBWET A -l Eht, £7:, X85
(50%) BLXUEIE 60%) TLYAXSEBRE
HBNTHBEFEET A — B ERICRE
ahich, BRKAE (0%) T2, HBAEOR
HETH -7,
AEthoERRERBEANEL, »oAH
HEWT A — O H AR A 80IKIZ DN T,
BERERRBERIRE & HHAENET A — R #ED
M A BT U745 R % Table 3 1o, MR

. No. of -, . . . " .
Sﬁg‘gﬁ;ﬂ samples Af::;};;;p‘g;;gm Leg;:;e;f:sﬂz;;;tm HIEFIBE0.6me/] LI T OEKE £0.7me/1 Y L
tested OBREITH BT T X — SRR 2
2002 56 18 (32.1) 20 (35.7) ; S B el 4
2003 27 6 (22.2) 6 (22.2) wRH oL (" BE, BRES %), 7,
2004 17 3 (17.6) 3 (17.6) LA SBEORE & HEHBREERBEORMFR
T 1 .0 . - . s
L DL T KD\ T Fig. 2 107, MRERAEE0.5me/
Table 2, Incidences of amoebae and Legionella in samples
No. of No. of samples No. of samples
Source samples amoebae - positive Legionella -
tested (%) positive (%)
General bathtub 42 8 (19.0) 10 (23.8)
Bathtutg with jet bath or bath with ultrasonic wave 19 5 (26.3) 7 (36.8)
generation
QOutdoor bath 7 2 (28.6) 0 (0.0)
Bath with medicinal herbs 10 5 (50.0) 5 (50.0)
Tanks of hot-spring-water or well water 3 1(33.3) 0 (0.0)
Drain of facility 1 0 (0.0) 0 (0.0)
Hair catcher Vi 1(14.3) 2 (28.6)
Filtration machine content 5 2 (40.0) 2 (40.0)
Collection tanks for recycled bath-water 5 3 (60.0) 3 (60.00
Water that washed the filter of the filtration machine 1 0 (0.0 0 (0.0)
Total 100 27 (27.0) 29 (29.0)
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Fig.1. Findings of amoeba and Legionella in 100 bathtub
water and other samples from bathhouses. There is a
significant positive intrasample correlation between
the presence of the amoeba and that of Legionella,
when using Yates' chi-square test (p<0.01).
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Fig.2. Relation between the presence of Legionella and
concentration of free residual chlorine in 80 samples.
The number of the bacteria significantly decreases at
0.5mg /1 or more of free residual chlorine when using
Yates' chi-square test (p<0.05).
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Table 3. Relation between the incidence of amoebae and
concentration of free residual chlorine in samples

Concentration of No. of Incidence of amoebae-
free rediual chlorine samples tested positive samples (%)
<0.05 15 33.3
0.05 2 50.0
0.1 3 0.0
0.2 3 33.3
0.3 5 60.0
0.4 8 375
0.5 5 0.0
0.6 4 50.0
0.7 1 0.0
0.8 2 0.0
1.0 7 28.6
1.3 2 50.0
14 1 0.0
1.5 5 0.0
2.0 2 0.0
2.0< 15 6.7
Total 80 23.8
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Fig.3. Rough sketches of two bathhouses with collection tanks for recycled bath tub water (CT), labeled Bathhouse
A and B. Bathhouse A had 11 small bath tubs for individual or family use whereas bathhouse B had a large bath
tub. In bath tubs in both facilities, free residual chlorine was detected.
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