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Table 2 Microbial contamination of hot spring samples (n = 403)

Inlet faucet Storage

Organism Parameter Bathtub Pouring gate tank Source Total
Legionella spp. No. of positive samples/total (%)  78/198 (394)  33/148 (22.3) 5/21 (23.8) 3/36 (83)  119/403 {29.5)
with 2 102 CFU/100mL 29/198 (14.6) 9/148 6.1) 2721 95 1/36 (2.8) 41/403 (10.2)
Geometric mean {CFU/100mL) 81x10 41x10 80x10 48x10 66x10
Maximum count {CFU/100mL) 68x103 40x 103 6.7 x 102 18x10? 68> 103
Amoebae No. of positive samples/total (%)  57/188 (30.3) 6/137 (44) 4/21 (19.0) 1/33 (3.0) 68/379 (17.9)
Geometric mean (PFU/100mL) 35%10 20x10 1.2x10 5 32x10
Maximum count (PFU/100mL) 25%x108 1.0x10% 50x10 5 25%103
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 1.0x10?
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) 42x%10 12x10 9 38x10
Maximum count (MPN/100mL) 24x103 1.5x 102 9 24 %103
Pseudonionas aeruginosa  No. of positive samples/total (%)  60/195 (30.8) 5/121 4.1 1717 5.9 1729 (3.4) 67/362 (18.5)
with = 10 MPN/100mL 32/195 (16.4) 1/121 (0.8) 1717 (6.9) 1/29 34) 35/362 (9.7)
Geometric mean (MPN/100mL) 28x10 74 14x 108 24%x10° 28x10
Maximum count (MPN/100mL) 24 %108 15x102 14x103 24 x 102 24 %103
Staphylococcus aureus No. of positive samples/total (%)  60/195 (30.8) 3/121 (2.5) 0/17 (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) 137362 (4.1)
Geometric mean (MPN/100mL) 23x10 33 21x10
Maximum count (MPN/100mL) 24x103 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
55T = 1726 3.8) 0/24 (0.0)
50~54T 074 (0.0} 074 (0.0) 4/31 (129) 0/28 (0.0)
45-49TC 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) » 10/35 (28.6) = 7/30 (23.3)
75-84 40/81 (49.4) @ 31/74 @419 ¢ 20/80 (25.0) 2 2/74 27
60-74 21744 477) 2 15/42 (35.7) 10/37 27.0) 2 2735 6.7
30-59 2/11 (182) = 0/11 (0.0) o1 1/8 (125) = 0/8 (0.0)
<30 0/32 (0.0) ® 0/31 (0.0) bd 0/45 (0.0) ® 0/44 (0.0)

*Isolation differed significantly between a and b; c and d; e and £.
{Tukey multiple comparison test, p < 0.05).
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Table 4 Legionella species and serogroups isolated in hot spring water {(n = 403)

No. of posiﬁve samples (%)

Organism pH Temperature (C)
Total
<75 75 = <45 =
L. preumophiln 102 (85.7) 27 (794) 75 (88.2) 84 (84.0) 18 (94.7)
serogroup 1 26 (21.8) 13 (38.2) 13 (153 18 (18.0) 8 (42.1)
2 1038) 1 (12 1.0
3 21 (17.6) 5 (147 16 (18.8) 17 17.0) 4 (2L1)
4 17 (14.3) 388 14 (16.5) 12 (12.0) 5 (26.3)
5 25 (21.0) 4 (11.8) 21 (247) 22 (220) 3 (15.8)
6 26 (21.8) 5 (14.7) 21 @247 22 (22.0) 4 @211
7 4 (34) 447 3 3.0 163
8 6 (5.0) 3898 3 (35) 5 (5.0) 163
9 542 3 (88) 2 (24) 5 (5.0
10 8 (6.7) 2 (5.9) 6 (7.1) 7(7.0) 1.3
11 2 (1.7 129 1(12) 2 (20
13 1 {0.8) 112 1(1.0)
15 1(0.8) 1(12) 1¢1.0)
UT 28 (235) 4 (11.9) 24 (28.2) 22 (22.0) 6 (31.6)
L. dumoffii 247 129 112 1(1.0) 1(5.3)
L. londiniensis 8 6.7 129 7 (8.2) 4 (1.0 4 2L
L. micdadei 1(0.8) 1(12) 1.0
L. oakridgensis 5 4.2) 5 (5.9) 5 (5.0)
L. rubrilucens 217 2 (24) 220
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)

BRI A7 ZTHBICERTHI LSS (Table 5), &
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Table 5 Risk factor analysis for Legionella contamination in bathtub water (uni- and multivariate logis-

tic regression analysis)

Risk factors

Legionella spp.
positive/total (%)

multivariate model
OR (95%C]) p

univariate model
OR (95%CT)

Total 64/137 (46.7)

Legionella contamination of inlet faucet/ pouring gate water
19/23 (82.6)

- Legionella-positive

7.28 (232-228) 698 (2.14-22.8) 0001

- Negative or not examined 45/114 (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~-057P 012 0.02-063) 0012

Quality of hot spring
- Chloride and/or bicarbonated spring
- Simple hot spring
- Sulfate spring
- Sulfur spring
Chlorine concentration
- 2 0.2 mg/liter
- < 0.2 mg/liter
Volume of bathtub

26/42 (61.9)
21745 46.7) 1.00
9/24 (375)
8/26 (30.3)

2/8 (250)
62/129 (48.1) 1.00 1.00

1.86 (0.79-4.37)

0.69 (0.25-1.89)
0.51 (0.18-141}

0.36 (0.07 - 1.85) 0.28 (0.04-1383) 0185

-=50m3 38/65 (58.5) 249 (1.25-4.96)® 2.74 (128-589) 0023
-<50m3 26/72 (36.1) 1.00 1.00

Cleaning procedure
- Brush 10/38 (26.3) 1.00

- Brush + detergent

- Brush + disinfection ( + detergent)

- Non brush (HPW and/or disinfection)
Main material

27/51 (52.9)
15/30 (50.0)
12/18 (66.7)

315 (1.27-7.81p
280 (LO1-7.74)
5.60 (166-18.9)

- 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)

Drain and cleaning frequency

0.25 (0.05-1.24)

- 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 = 0.01 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)

Legionella spp.

univariate model multivariate model

Risk factors positive/total %)  OR (95%CI) OR (95%C]) b
Total 41/901 (20.4)
pH
-2 60 40/149 (26.8) 100 100
-<60 1/52 (19) 005 (00L-040° 006 (001-048) 0008
Temperature
-2 5T 1/26 (38) 012 (002-093p 010 001-077) 0027
- 50-54C 4/25 (16.0) 047 015-142) 037 (0.12-118) 0092
-< 50T 36/150 (24.0) 100 100

Quality of hot spring

- Chloride and/or bicarbonated spring

- Simple hot spring

- Sulfate spring

- Sulfur spring
Chlorine concentration

- 2 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

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

2/17 (1L8)
39/184 (21.2)

29/103 (28.2)
12798 (12.2)

8/24 (33.3)
7/34 (20.6)
11746 (23.9)
15/97 (15.5)

0.70 (0.31-1L59)
1.00

043 (0.14-131)
0.29 (0.09-0.96)

0.50 (0.11-2.26)
1.00

281 (1.34-589 162 (0.72-365) 0240
1.00 1.00

159 (0.54-4.71)
082 (0.28-241)
1.00

058 (0.24-1.39)

ap = 0.04
b p = 0.004 to 0.006.
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Legionella Contamination Risk Factors in Non-circulating Hot Spring Water

Tatsuya KARASUDANT”, Toshiro KUROKI?, Katsumi OTANI®, Seiichi YAMAGUCHI*, Mie SASAKI,
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, ¥’ Department of Parasitology and
5Division 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=128 to 5.89). Legionellae occurrence was
significantly reduced when the bathing water pH was lower than 6.0 (OR=012, 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=001 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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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 ISHIGURO', 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,
235-7 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, Fuhuoka, Fukuoka 812-8577, Japan
‘Department of Parasitology, National Institute of Infectious Diseases,
Toyvama 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 (B fh4#E 7 # —3)/Bathhouse (#83)/ Legionella (L
U # % 5 BH)/Public health (AR #i4).
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100RTh -7,
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A L7 3THIR 100K 0 13138 (35.1%),
27508 (27.0%) Mo BEAEEMET A — 2Bl

Table 1, Change in the detection rate of amoebae- or
Legionella-positive samples

Sampling No. of Amoebae positive Legionella-positive
period samples samples (%) samples (%)
tested
2002 56 18 (32.1) 20 (35.7)
2003 27 6 (22.2) 6 (22.2)
2004 17 3(17.6) 3 (17.6)
Total 100 27 (27.0) 29 (29.0)
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L, 213 (56.8%), 293 % (29.0%) »o5 L
UEAFTBEERE U, HEFICEIIRAHOL
U X SBEBLUBRERET A —/NOKRHE
i3 Table 1 IER9 &8, BEMIHBEDD
BRIBRIZED T 2 @R sED s, BRERN
T ANt EN R EB E, BHRAEEET A -
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HOBRHBICEND 2 hEMREHICRTT LI
B, BE4AFEET A - MREEIhRRL B
HEhih-1cB@ LD L VA XS BEOKRY
EUFEICEVWIEMHEohER 1 (1 %ERK
B, oy RE, 1 T—YDFIFE) (Fig. 1),
REOBEICLA VAR IERE HEEY
T A —NOREERAE Table 2107 d, BEHED
BRD38UML S L AR IEED, 19.0%0 0
BHERET A — "\t ahic, £4, E
(50%) ¥ LUEUHE 60%) TLYAXSEHE
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ORETAHRMAIFENT A — RIHRICHS L E
mEB ot (x*HE BRES %), i
Lot xS BEOBRH & RIS RIERE OMIE
IZ2W0WT Fig. 2 10Rd, HEEREIEEH0.5me/

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)
g;::::go\;lth jet bath or bath with ultrasonic wave 19 5 (26.3) 7 (36.8)
Outdoor 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 7 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 (60.0)
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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No. of Legionells (CFU / 100 ml)
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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 37.5
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
1.4 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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D Legionella - negative and amoeba - negative

W Legionella -negative and amoeba - positive

- Legionella - positiv and amoeba - negative
Both agents - positive

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 chiorine was detected.

bod, VLIFRIEENMRIEh TS, 10Wn 538 3 e & T, TERII24NFR, HFE

KiFx B (Fig. 3) 3, ZHOKEKERE (8
2B L, HFkoszEAL, B8 (1) »8%
BT, ABBOA YT+ 23KREM (B
EEMbiavicy), #skizEy, BRI

AL, HEITEBEN T, BER, HERy
EREEIFABMP0.1~1.3mg/l TH o1z, A—
NeTu—KIEEMER LT (i LEWED
BRBERASALEO), EREE - L RERSH



754

11dh, EESEREEL, REEMCER
BT, ABEEFBEOSTICERL TOHRENES
AFh3EEZZ oM, BEKE, LAY
e ook, FAHEBERR 2 TEIMEC
i Eh, £0%, FlOFHESFIAT BERIC,
BUOUE,» oI fEICBENEL NS, D
W, BB AL YA RS BEERE, BE
OFELRICHEET A RERSE R TH -7 =
ORERICBNT, Bilikd» SIIEHRAEFERT A —
LA SBERRHIN M 1A, Bl
BRI RIBEH0.6H 5 31.3meg/l FET 500
WEOEEMS L VA XSBES S W ITAERER
W7 A= D Ehis,

N,

% =

AE, VAR SBEEBRERET A -3
B DWW THRET L, BEBRICBI 2mEDHF
EMGEHICBET 5 AL, ERERHO
BHEERT A —"BLUELV YA R IBEORE
BT ARE, HAVEEORBEAITO>VTHRE
L7

Exner 6'VI3ATKBEIIBIZLIA 2T
BEMBEOERE LT, 25°C~42°C oK, K
oOME, R4y -, HHEH, €L T, HBEDH
HAEEWT A —SOFEEH T TS, 2D 5,
BIHAEEST A —/SNICBLTREL DOREMNE X
n, VUARSBHEICE-T, Pl &b
BOTHREEET A — 12X L TIFEEHYO
BUENFAIRTH B 3, BLOBNERTIL
HaEhThaY,

LhL, EROBEHRICBOTHRERRET
A—=NOFEE, VIAXIBROHFREE, #H
OITEREFNT, HeHCEEAL b0 RD
I, O, ERNAEKGHEMEREL
BHEESET A —NEVIARIBEO [FEED
B | RIESMIC LK, HEHRETIco0L TR
R LT, A, e HatEh o okl
Erblis, VIARXSBEOFERL BHAEREN
T A—ROEENEETSZ AT LIl &G,
ZOBHRM S LERENEELONDL, JOT L
i, Rk ENhS, ERENTORHREERT

R BB

A=RELUARTBREOMR (LYF 2 IREH
DNEHBEEET A — 0P THIET ) £, B
OBEBEOF—5EBLT, HRETHDTHDH,
BNEBRORBEARIBICSATIBORMEL S
bDTH 5,

—RICATIKBEO HHAEEHT A -5 501
RUPARSEHEERRETHHEFEL LT,
gk, SR, AU, 8B A VESRE S
nTha'Y, 2055, 60C U LomMEN RS
ENREFENIEE, BKHLMIIIATHS
MY BRSO, S, HETICHT A LI
HIRD S B, 2078, BB TEBICERAZL
BiEEE, EREFENZLELED TV, 40
O¥H T, 0.5me/l U EOBEOREREE
FOFETT, VIOARTBHOHBERENFEREIC
B EMBPHSMhERD, JOHERIE, EROE
WER (EZEENEYTHE L) 2HRTS
HLDTH5B,

o, HREEET A — DN THE, AE0
BitoER, 0.7mg/l L EOBEOERHKREIE
FOFHETICT, BHREEET A — OB REH
BB EMHEL A, SEHRBIERIE Bl
HIEWT A —"~NORBEHEEL, HEhESHL
EMEIN TSN, HEEERIBE
HEEShaZ ik, BRAERKET A —OH
ES B L, BRI, BHEEET A —
NI SN AESIFTE S, £, —ED
HHEELT A —TiR, EEEEIEEBHE
EWT A — IR BRAiH 5 L OERNEROME D
H5Y, B VIIEREEET A N ICBL
Ti30.2mg/l DRETHRMNO L LEHELTH
h, AEIORFTRUE LT HHBEFEROR
N, COREIDbLEM-TL, UL, HEEK
BIERIBE R MR 2 Z O HBEERT A =
HEICEHTH 5 EMRBICBETRASL
BRI RE,

—F, BHRAERBES TSI bhhb
59, VLIAXSBREBKRHEhIFENH -7,
EEEENTICTDRICC WEYABES, H5
WIIEME O FEEA S B HER, H 5V ITERN
BLUAOHKOLERERTODTH B, LI
AR L T, KEBROERREHIRTE S



Vol.36, No.11 (2008)

O, LVIFRIBEBEROBKRIZE LTS,
Bkt ~XETHELEZ B,
BEOBBICER LS, HKEBETEHN%D
BB SV IVARTBEB X UHEEERT A —
NHERHINTLSD, JhidB OlHRT, X
GOBEM DO HIEREEEEBL AN L
WERLXBEZBAOND, AHHIEEELEEAL
HORD, BBOFERRITSEET~NEEEZS
ha,

1%

2

BREANOBEHERICE LT, FRI4E,S16
FITHIT THE U 3THERE, 10080225 T13
MRk (35.1%), 273k (27.0%) o HHLIE
W7 A= BH L, 21 (56.8%), 29&0H
(29.0%) oLyt xSRBEEARBE UL, 8
BRTOBHEERET A —"0EBELIF RS
BEOAR L, HEtcMEAsADON S &,
SOIBREENEHETEET 2 —% (0.7mg/]
UE) vt Yt x5EHE (0.5mg/l BLE)
DERBERICEDNTH B EDHOMEL 512,
L L, BREFET-> TOTHRERROSE
L, BUES 2 N ZEY S BBEOEE IR S A
52L&, FETRBEIEO L IERNEEE
MLTORWERGE L, £h ookl - BRo
FRERDIERD 2 NS RNULEL D
R EMBOETHEIL - 12,

SEOKEN S, BHEROL VA 25 BH®
JUBHBEERT A —/\BERO&RIT, HRoR
BERANOHRFERRE L —EL LIt 4 5
Z &, BIUERHEROWEEL LT 5 1HI1z/31
A7 A NVLEEREEBOHEENDEE, H5
381 A7 4 IV LEENICRET 5 DORE
FOREICEDEEETH B LEL SN,

KFREETTBHICHD, B iclmEEE
D& LB REREWRS SHEFEREIC
EHOI LTS, /0, BXERICEL, THE
BoELirhEEELcEHLES, 3512,
REOEEUCELT, Tl s LoEe

755

iR L L Ed,

X [

1) Storey, M. V., Ashbolt, N. J., and Stenstrom,
T. A., (2004) Biofilms, thermophilic amoebae
and Legionella pneumophila - a quantitative
risk assessment for distributed water. Water.
Sci. Technol., 50, 77—82.

Donlan, R. M., Forster, T., Murga, R,
Brown, E., Lucas, C., Carpenter, J., and
Fields, B. (2005) Legionella pneumophila as-
sociated with the protozoan Hartmannella

2)

vermiformis in a model multi-species biofilm
has reduced susceptibility to disinfectants.
Biofouling, 21, 1-1.

Guerrieri, E., Bondi, M., Ciancio, C., Borella,
P., and Messi, P. (2005) Micro-
macromethod assays for the ecological study
of Legionella pneumophila. FEMS Microbiol.
Lett., 252, 113119,

Greub, G, Raoult, D. (2004)
Microorganisms resistant to free-living
amoebae. Clin. Microbiol. Rev., 17, 413—433.
Abu Kwaik, Y., Venkataraman, C., Harb, O.
S., and Gao, L. Y. (1998) Signal transduction
i the host
vermiformis upon attachment and invasion
by Legionella micdadei. Appl.
Microbiol., 64, 3134 —3139.
Rowbotham, T. J. (1980) Preliminary report
the of  Legionella
pneumophila for freshwater and soil amoe-
bae. J. Clin. Pathol., 33, 1179—1183.
BARMRES, AKEET, BREF, B it
AEEE, BEMER, fh (1998) MHENETO
RGP IZE S Legionella BE & A/l
HiEWET A — GRE. RYLAEE, 72, 1050—1055.
BORMES, % R, iFES AKHET,
MEEREE R, ERESAR (1998) BENBEICEY
ZHHEE.ET £ —/N& Legionella BE D4
BIRBL. IRYERE, 72, 1056—1063.

AR (2005) L U4 x5 REEM L E I
B9 5 WF9E. DAEARHM, 33, 397—406.
BEABEEHERABERES (2002) FEL ¥
F 3 ZREM IL1E 8, pp.85—94, HMEAEAELE
BHEEEL 57—,

3)

and

4) and

5)

in protozoan Hartmannella

Environ.

6)

on pathogenicity

7

8)

9)

10)



756

1D

12)

Exner, M., Kramer, A., Lajoie, L., Gebel, J.,
Engelhart, S., and Hartemann, P.(2005)
Prevention and control of health -care-
associated waterborne infections in health
care facilities. Am. J. Infect. Control., 33, S
26 —40.

Kuchata, J. M., Navratil, J. S., Shepherd, M.
E.,Wadowsky, R. M., Dowling, J. N., States,
S. J., and Yee, R. B. (1993) Impact of chlo-
and heat on the
Hartmannella vermiformis and subsequent

rine survival of

growth of Legionella pneumophila. Appl.

R BB

Environ. Microbiol., 59, 4096 —4100.

13) De Jonckheere, J., and van de Voorde, H.

(1976) Differences in destruction of cysts of
pathogenic and nonpathogenic Naegleria and
Acanthamoeba by chlorine. Appl. Environ.
Microbiol., 31, 294—297.

14) EEEEER (2004) FRR13~15FE EAEY BF

FMEBMHES BATHERBERFRAPIA
HE BR-ARBYE, TOORKREICE
1357 A — 3R 2 O K R i& Naegleria
Sowleri DE ¥ ERFEHFBICHET 5 HA.



EENGEOREEE
AN — YT Ly Y S BOH R —

VoA xS BENR, BRBXAMERD
LT, EDLSIHABON

£ FIVIEEAR (AR X 2 ERYMOERE
sec, BB & RIS A H A 7 1EER Al
RIS Al o BB S, EREIRETHER
EEC, LA RSBREOBEARBYRE, BRD
IRl CREEIRE, 3 HEMBICT A —NEL
b BRE, R 10°~10° CFU/100ml) H3FE
@Wrxt (Fig. Do EHRAMKPTE, £3%
Bahi-b hOBBYSLRRES T 2 HEON
X, 0%, FhoofEzIyEdssT
A —NOLPITEEND b, TR, TA—
SNPBEREME D B B L U R 5 OBRFERY ISR
b oht, BEKPTCOLV YA 2 THIEICT A —
NHEEL b > TS I EHEE SN B,
BEBIND L U X T IEYREFT 585N 58,
g, BE, Sy FrREZBITAELNT
(Fig. 2)o = h o OERERT IS O BREHER
HOERRLE b—HLTHEYD, TV TH
B OELEFRNERTX I, BT, BREENT
BEROEMES E» 5 ABMOEREE, VIAX
ST A —NEOMAEYE (SAAT4IVL) D
EROIMEILE > TB Y, HEMORENAT
SThhid, kL Td ABHPBEEKOHTE
BB D, BEKD L YA R T IEGRSHE T
2o EDPEOIEN 5P,

* H I BB A R DT ITE

98

7 b "o

AT T 3 BB SR BRI LA
Micid, LUV YA RSBREGR (A8 1g
Wy 28x10°CFU) MAD S h, EEMEFIH
MEETEHBOMAE L BHRIMEEYPER SN
(Fig.3), VPEEF A b E— TR, 3 HRIZ

AHOBAENS SN, 6 HBETRENMAE LA

PABOERE (LY xSBEEK  16x10°
CRU/i#Rm v) MEESshi (Fig.d.
EPDM = L%y ¥ Clt, #iERICHELHE
EBEAE>TVEE (VYA XRIBER
5x10° CFU/#sil n) Mg shic (Fig. 4o
B, WeEH DNA Yu—7Eickh, o
HELR D B K3 Legionella pneumophila @ FE &
N1 S
VBT O HRIGY, MRRHEEARD S,
VO RSBEIR, BHEKPABIEBAKDT A —
S THIGES:, BREKE N U AR ARICIRE
L, 2@HPEER EORTMICHELNNMA T 4
i () 2RRLTHS I EBHLNITE -
oo

MELRRT BHE

Hr i, EFNBETOEREE T OARER
NS, BREIK~OEEEARREELE UTIIAER
ThHoHM, ANBICHE) BERHEORLALORE
THEMER SRR ORI EELS AR TRV &
(I A BB R A A LK), 3510, &
SR FEEEN 05 ppm BETIE, A@H, v
FUETTTIRENTLE s X1 AT 4V



LE+07 rm———
1E+06 -
E LE+05|
i
1
~ -
5 LE+04
E
S LE+03
N
® LE+02
LE+01 |
LE+00 betaime
2 OB 5
x 8 %
oA
ol R
k& T
0% om
= %

B ERAnEomEEE  (39)

200
- 180
- 160
4140 0 Bk 7 A =8
4120 3 CZ3O NuA 7 A=
~
4100 B | e LUd RS
h
7 80 ~ —— — R
~
1% —— PR AIE
40 B -
/ H 54 20
|
LN ! lqu T O e i ﬂlﬂi J“l ﬂl L“K"-‘ 0
1 2 3 4 5 6 7 8 9 23
B B B A H O B B H o

ESERED RoE |

=
=
S

Fig.1 BRABRICLBZERABBKPTOUVSFRSE LT A —NEORIEEL

e

ABEBNO 584 BE, SyvFv NTF vy Fr—
VoA x o (L)WE , By L B BEih L Ec:
10°~10"CFU/ %84 1 g 10°~10° CFU, ffiE 10°~10° CFU .~ HutE
T A= TA—Ng T A=
10°PFU/ %%t 1 g 10° PFU/ ##s 10 PFU / #hks

Fig.2 BEIATFIBEICE T D FLER

LDV VF R IRENEEETH S LEWRL  EHALT, 2BEMER L VA R S I

770

DIEIMBT A=W EER U Bt sk ER

Fio, ERAEKERRAET S L V4R SEL BB BEEEZEZ D, TOOEDN, EH, 8%
HFEFHFIL, BHEK~NOERFEAEEBLWA L  HNES~10ppm BHEICL D, 5450 Lk
MERTREETHWAZEGEBET AL, BRIBMK T23HE (T4 7— Ty ok
DLIFRITRELT, BHEKNDERFEAE T, VIFTXIPEOMBERTHELT A —

99



(40) BRIF¥4E Vol 30 No.2/3, 2008

) %z\v}%?ﬁﬁﬁzwlo /g ‘

2@k OEEEIBERATRLR
SBRO AT T 4V LIFRIE

Fig.3 »BBAZEMDONAFT 4V A

(PIREIZ)

VP R

4 l//?i“?f\ J,%T‘i']%ﬂ( 5><10°/swab

VU RS BEE
16 ><04/ b

Fig.4 BE, NvFONAFT 4V LA

NOBEHENSE L, BHBEVETIETY YA
25, TA—NORIEEMEITE, KEEEHR
b TR Ebhhofce T4V — y 7
Uy o oa kS~ OEEEAE P B C
Lo, —Emo%4 - PiEE (Multi-Barrier

100

System) &7V, XDEARN TEBRIA K D P4

MABEIC L B, C I T, 74NF— VT by
YL EORIETF— 5 &, 1B ABRBHKOREE
sspak - LT A AEY IZDWTHEN LIz,



BiBEAEEEERYEREE (T4 y— -
Uobyrajk) DOEBE - EBENMFIZHE

EFIVREAFR LT, A@5HENEEBEERY
PetrrE A M L IcEED A BN ORE - SR
CRMHER) &, A, 1EDOT 47—
TV v BAEERBERL OB EKEICE
FAELUA RS, T A NOBETEHIZIE - kE
AR (BHBNRHE) SRt L /.

SEHEARRIR C ETOVIAENT, HARTER - B

u&@v&ﬁ*aﬁ%%m%ﬁﬂﬁbt%,W6
WRAEIEFEB ST MY Y LABEA G2ml/5H) |
% 545Blo AEES Wm%ﬁﬁmL%@%%ﬁbt
(ABBPERIESRECTLETEREAROR
B AR (nl/5) = BEERBE (mg/D X
WpkE (/5) ~EREREBE Qo) +10 7k
L, ABBHROEHEDICE DIEENBEIN S
», BIEERRE [HRE] 0 2~3f80EA
MAELEILS), 10 pHBER, FEOoRhILL?
HREARLOY  XPEHEE 3HHBERL, A8
BROBBEERERMCHEE L, COM, A
B ES NIK A R BRIATE AT > S BRI ERM U,
VUL XRIBHE, TA—NEERE LK,

VYK R T IHERSNI ABENEBIBEIEER

Bl R OGESEE  (41)

T 54 igedE LickE D, AB#BRKD L VA X
T, —RHEE & B S ORI S £
Fig. 5 TR L7,

%%@%%ﬁK1MCmﬂmmu&otu9ﬁ

ZEABENOBREIERBED L7 (REE4
ppm) EEBIBAL, 49BICIEIBHEINEL
ot, HHRHBRDABMDO SV IF X T EMHK
Hand, REORERIWEA I N, 74—
N%ﬁﬁ’ﬁ?éﬁ%’&ﬁ?%toéQK,ﬁ
EEORBEEBIT, BT VBA YT LHE
BETRSINABEHAEBYESHEY Ui, 1B, #
P, U RBEEEERT U, 1ERABEEE HEH
%, 1047, 1B¢RE%OBEKDOEREIERIEE L M
ELicEl A, WFNH<005ppm THY, »
WIS E R RS KO B EE RIRRE
WIEEAERBERZ -1,

T YR (pH9.3) DIBHEKZE A - 7 FkkS
KBTI, BEEREE Ippm OERKTHELR
Hd bl litdkD, ABRBHNDLIFRTERNE
L, VIFRT 7Y —DABBERIKTEZ &
MTETI,

UL, #5KkE LT, BRERERIIERAT
KK (REERIEE 02ppm) 2L LS
Ay VIR IR—RMERREsNT, 84

g | —— REEFRE
' 4 RS (mg/D
§ % ..... Oe... Gl
= 3 (mg/D
3 z@ e LVF X5
i & (CFU/100 m))
p p & —— —HE
PP N1 (CFU/ml)
oW 20 40 101 2 2 3 4 4
OB B W g 5 5 9 9 a5 4
AN A IR RN
S 1 % % % PG 5 4, BB 105,
_ BEEY VX34
ABMOVIUA R I EE ABENTREERIEE 5 ppm OEFEKT - JEEREREE 10 4718, 1 BRRS
HEREET 6.0X102/g | | HERFITARIET, LIART, ~RHEE BOBREKOBEIERBEE
HERER BHLGEO | BB, AR ERDSEBRIENTES <0.05 ppm

Fig.b T4 &=

U7y va (ABHBAERFERS) EOBHHHE

101



(42) BRTH¥4F Vol 30 No.2/3, 2008

DU UK RS BRG], BTRENGL -
Fro ZOZEWE, VIARXRTBREDNROD DT 4
Wy — e UT by EEERKT S ITE, 5~10
ppm O EEEIEEIC X B HRFEVRPEDND
EERLTO D,

EMRAE 7 VBT, EREHETOAR
ko THBOERR, BEEREZHERSY,
DI, IEEIREE TR L7, 7272, 1 H,
| ek, ABRNERERREESE (7 1V
= YTy ok #EBL, SHEETO
H, SPESENT GEEIER AR ZTHERD 15,
K & ARIBRIKERM L, VYA R TEH,
7 A —NEA A Ui, Fig. 6 IZR LK D1,
FAa s = YT Ly V2 kDAEEER, 1R
niEF I ET, Bk, ABBAIKOLVIERT
EEE, (10~70 CFU/100 m! O#FHPRTHERE L,
ORI iR R E Kl a T, ET, T
R —NOEEFE B ¢ O EMTE, BEPELIRNE
BT BN A T A VATERBIERIR GED 51
Feo 1B, T4 NF— )Ty Y aBEERIT
IR U AR TR L VA R T OEFED S

S, BERERNGI)RI AEE PR TR I R
T 52 EMRENT,

T4y — YT Uy v aikld, HBENOR
B GREZWHET2) 2B 3D, FRE
FE (GEYEEZOHENE 7 n 5 I vER
EE) BZSh, BHEKNOEFEAREHS
S ABE R TR, NE, WREEULHEF
AiEshfILCHkTE 20, BEICEX 2HE
R A Y AN

F, TAAYER (pHOY) OBAEKEE -
ERMRESRTh, EPHICbIEVIART
BETEIHIY R TR S o

74w9—-U7Uv91E®ﬂ§t32b
T4 Ny — YTy v alklR, HREORmKT

G o BEMLAEE (—8, EREBREAR VT,
RFTHIEA R v 7, EASEMTIE, HEEEn
THED A =¥ vV X M0 FHBE) T,
BRORBIANDLT, VYAXRT, 7 A=
OB « IO REIE AR BN TETH
%, £i, BEwEoBEhEYEN GRAIELD

6 100 '
3 Alk T A =23 /ml
5 80 3 KA v7A—Yml
oy " o | TET U LA R Tk
g EE 60 % (CFU/100 ml)
=3 T [ | =0— gL V4 x5 A8
= B 40 (CFU/100 mi)
| 2 L) M
—e— WA L U4 R T REK
1 FE 20 (CFU/100 mi)
/ - RV VA RS AR
gl 0 P7k (CFU/100 ml)
B OB’ ‘
x &
F O
AR
O
1k
B
&

APt TE 2

@E,%Dﬂ?l&f,Eﬁ@ﬁbtof,%ﬁm®vyﬁiﬁ©7ﬂ—N®

1H1ME,

- 5ppm &

6@H%E%T%6ﬁufﬁ<,m%%NT#vv%v—%®Nfﬁ74WA
RExHz2 7 (VoA 2 THEE 90 CFU/#% LITF)

5 R
R S REYIERR
BHERTL

Fig.6 »BBAEBEEREESREORBINR

102



17, ABFE O =2 oY Rx—Ya V) KRS
HEMENH D, EREWE CAEY SEROH
& /05 VEOERRES OAERSHIZ
5N3) ELTHERTH S, 74Ny —-UT
Uy v 2 0MBEBEBHR T EIRSH, 7
—vZazx b bRM QtDABETERNEIZN
1TAM/H) Td 5,

Wk, 74Ny — YTy ¥aiEld, P
16 4E 4 H 5 & AT & 1 7o B MR A RIS S ik 11T
G5 B O R BE SR HEAT 440 D B AR R HE o0 i
DAENTL B,

HEHIO&AHI T, TERBE RS H UKL R
B onNTWLAD, #KETIZ 5~10 ppm O F
BEERICLAEREREEZERT A L, 74
WE— )T Ly ¥k AEOHRPIFTSE
bERDbN5,

oz, Fald, SHEEOIER L EkOME
g% 2400 L UTICEH L, BEREETERO
VERAIFMAEEL T2 L THRBMREED VX
7L (A@EEPNERERREE) 2HRL, LY
Ax5 e 7 —DABEOBINE, IEHRIGHK
TOV VA x5 HFEIHIEIR Y, B8, ~TF++v v
F o —TONAF T 4 VLB IR AR L

Il ERAR I omAER  (43)

INEDT 4T — e UT Uy ¥aik (Al
WNIERERRE, A@BPERERBEEE) 1,
E R 3R E R E OmAEERETH D,
I ORE, BROLUDBEKL VF R T HE
ELT, BRSNOMHESPLHEE ST & TIHEMRRE
U, ZE~OEREHI LT3,

REDORSE - BREREDKSGTHET
P LOh

VOARITOERBEIE L o e FIVIBENE LR
MHN T 2 BRI Lok, BRALEI O BEE IR A
BAEBLUT, Z1IIRLEL, 5#M, BEZV
THhOFEHTH L VAR T OE « BEMOIEET
Hote LU, EEBHEMOL VAR T OREI
—ERDEATHEHARTEETH » o, BEEATOK
RhEHCIDITHNONE T L%y F 3N A
F T4 WLDONEBENELL, —HEREI A
AT 4 NLFDOL VAT ORERBREF LED
FKHTHRETH 2 Ebh -,

EPDM /% v F v OEREREE 013, HERAE
& ALK T 52 &b 5 U R ERE
ENtce TDIDNAF T 4 IIWVLDEFLDPT L,
BELIZCAE - TWE I EDRBEN, —F

-9 Mt Sk, #BkEIcEN T 7o 0Ny F O

Tablel ERABEBAHORFEDRET

BRERBEIT X B HAL5 O3k - FREEIR O g

R TLhtyFy FIoUv Ry FY i & 5385
B B 1Lk FE Q3% © X © © ©
EOEE K % (10, 50 ppm) AN X © © ©
Z #k 1t ¥ % (10, 50 ppm) © X © © ©
Zmes  #) (10, 50 ppm) © X © © ©
BREREERE (10, 50 ppm) © X © © ©
BEEE Na (A =7 —1EFRE) © X © © ©

© : B - BEARE A

L AEENSEH Y

TLRyF O AF T 4 s

X ki - BE R

cEERRE, BH, BRoBEETLCE
AT AL
cHERE S U THEC RS, EER

F7oUI oty F KRBT S

Iy ) —VEBTRETS

103



