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Table 1 Isolation of Legionella spp. from hot spring
baths in Japan

No. of samples No. of positive

Sampling area

examined samples (%)

Hokkaido 56 14 (25.0)
Tohoku 101 31 (30.7)
Kanto 153 47 (30.7)
Chubu 154 45 (29.2)
Kinki 78 20 (256)
Chugoku 42 13 (31.0)
Shikoku 42 12 (286)
Kyusyu - Okinawa 84 22 (26.2)

Total 710 204 (28.7)

Table 2 Isolation rate of Legionella spp. from
indoor spa versus open-air bath

No. of samples No. of positive

Site examined samples (%)
Indoor spa 447 137 (30.6)
Open-air bath 222 61 (275)

Total 669 198 (29.6)
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Table 3 TIsolation rate of Legionella spp. with different hot spring water supply systems

Supply systems No. of samples

No. of positive

Vaible number (CFU/100ml)

examined samples (%) Max. Min. Mean * SD
Circulated 100 38 (38.0) 34 x 104 1.0 x 10! 1,701.8 = 3,560.2
Single path flow 249 68 (27.3) 1.3 x 104 1.0 x 10t 939.1 = 2,603.9
Total 349 106 {(304)
Table 4 Isolation of Legionella spp. from OWTFIL, FEFSIFTE%E L, BEXRIZ2 7P

hot spring baths by pH

No. of samples No. of positive

pH

examined samples (%)
=30 4] 2 (49
3.1-59 38 13 (342)
6.0-75 321 112 (349)
7.6-85 242 66 (27.3)
.86 = 63 11 (16.2)
Total 710 204 (287)
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Fig.1 Viable number of Legionella spp. in 204 hot spring baths
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Table 5 Hot spring baths with highest number of viable L. prneumophila
No. Site Supply systems pH CFU/100m! Serogroup Quality of hot spring water
1 Indoor spa Circulated 75 34 % 104 5 Alkaline salt
2 Indoor spa Circulated 7.0 14 x 104 6 Salt
3 Indoor spa Single path flow 73 1.3 x 104 8 Salt
4 Indoor spa Single path flow 85 1.1 x 104 6 Sulphurated
5 Indoor spa Circulated 6.2 10 x 104 4,10 Sulphurated
6 Open-air bath Single path flow 7.1 9.6 % 103 9 Brine
7 Indoor spa Single path flow 6.9 80 x 103 9 Salt
8 Open-air bath Circulated 6.4 7.2 X 108 11 Earth muriated salt
9 Indoor spa Circulated 7.0 6.7 X 103 9 Aluminjum sulphurated
10 Indoor spa Circulated 7.7 50 x 103 3,4 Radioactive
THI64E 8 A20H

- 76—



714

RN IR T 5 72012, 47 FRERF IR TR
KEFRLTCL VA ATBROGEH AR L Z
%, BROSHEIRECELLLOD, &KT
13 710 B 204 BB (287%) o pEEX N, db
A E D SEIE LN - R E TTRTORER
BOBRRBKICEBRLTWLZESHLMIR -
7.

BN SYHS 10 SERNCAT o - RAE TIE, dbilEED
LRERICDIAIEBIZEDLHOBRRED) L I17TR

Table 6 Legionella spp. isolated from hot
spring baths

Organisms No. of strains (%)

L. pneumophila
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Table 7 Distribution of L. pneumophila isolated from hot spring baths at different sampling sites

L. pneumophila serogroup

Sampling area Total
1 3 4 5 6 7 8 9 10 11 12 13 15
Hokkaido 3 0 1 6 1 0 1 0 2 0 0 0 0 14
Tohoku 3 2 5 1 0 1 2 7 0 1 0 1 30
Kanto 12 8 13 11 8 0 5 4 7 2 2 0 0 72
Chubu 15 6 9 11 4 1 1 1 5 1 0 2 0 56
Kinki 4 3 2 2 2 0 0 1 2 3 1 0 0 20
Chugokun 5 1 1 2 3 0 0 1 0 0 0 0 0 13
Shikoku 2 2 1 0 5 0 4 0 0 0 0 1 0 15
Kyushu - Okinawa 6 3 0 2 7 0 0 3 2 0 2 0 0 25
RS REEE $£78% £38%
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Distribution of Legionella spp. in Hot Spring Baths in Japan

Katsunori FURUHATAY, Motonobu HARA?,
Shin-ichi YOSHIDA? & Masafumi FUKUYAMAY
YCollege of Environmental Health, Azabu University

%School of Veterinary Medicine, Azabu University

YT aculty of Medical Sciences, Kyushu University

We investigated the inhabitation of Legionella spp. in hot spring water in various regions in Ja-
pan. The following results were obtained.

1) Of 710 hot spring water samples nationwide, Legionella spp. was isolated from 204 samples
(28.7%), covering all 47 prefectures. By region, the isolation rate was the highest at 31.0% in the
Chugoku district, while the isolation rates in Hokkaido, Kinki, and Kyushu were low, ranging from
25.0 to 26.2%. The rate in Tohoku, Kanto, Chubu, and Shikoku districts was 28.6—-30.7%. Regarding
the isolation rate by pH of hot spring water, the isolation rate was 4.9% at pH 3 or lower, but 34.8% at
pH 3.1-7.5. When pH was 7.6 or higher, the isolation rate was 24.8%.

2) Most frequently, the number of bacteria detected was below 10° CFU/100ml (98 samples,
48.0%). The count was between 10% and 10° CFU/100ml in 71 samples (34.8%), and between 10° and
10* CFU/100ml in 29 samples (14.2%).1n 6 samples (2.9%), the count was higher than 10* CFU/100
ml.

3) Among the isolates identified, L. preumophila was the predominant species, and particularly,
serogroups 1 and 5 were frequently isolated.

The above findings clarified that although the number of the bacteria is low, Legionella spp. in-
habits hot spring water throughout Japan.

RYSESEHRE F78% 585
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Diversity of Pulsed-field Gel Electrophoresis Patterns of Legionella
pneumophila Serogroup 1 from Various Sources in Tokyo

Katsunori FURUHATA'*, Motonobu HARA? and Masafumi FUKUYAMA'

'College of Environmental Health, Azabu University
1-17-71, Fuchinobe, Sagamihara, Kanagawa 229-8501, Japan
!School of Veterinary Medicine, Azabu University
1-17-71, Fuchinobe, Sagamihara, Kanagawa 229-8501, Japan

As a part of the molecular epidemiological studies on Legionella pneumophila, the genomic
DNA restriction enzyme cleavage patterns of clinical and environmental strains of the
serogroup 1 of L. pneumophila isolated in Tokyo were analyzed by Pulsed-Field Gel
Electrophoresis (PFGE). The unweight pair group method using arithmetic averages

(UPGMA) cluster analysis was then performed based on the results.

1) PFGE of 39 strains was performed using the restriction enzyme Sfil. 5 to 15 bands were
observed between the positions corresponding to molecular weight of about 50-850 kbp
(kilobase pair). There were two bands between 450 and 500 kbp in 28 strains (72%), one band
at 350 kbp in 21 strains (53.8%), one band at 600 kbp in 21 strains (53.8%6), and bands at 350

kbp, 450-500 kbp, and 600 kbp in 14 strains (35.9%).

2) A phylogenetic tree was prepared based on the PFGE profiles of the test strains, and
UPGMA cluster analysis was performed. The homology between the strains CT1 and CT24 de-
rived from cooling tower water was the highest at 73%. The next highest homology (67%) was
observed between CT5H and CT6, and those between CT2 and CT1 and between CT2 and CT24

were 649%.

The above findings clarified that there were no distinct patterns specific for the clinical
strains, cooling tower water-derived strains, bathwater-derived strains, soi_l-derived strains,
and strains derived from water of water landscape. Various migration patterns were shown.

' (Accepted 30 January 2004)

Key words : Legionella pneumophila (v ¥4 %5 =a2—=%7 1 7)/Pulsed-field gel elec-

trophoresis (/¥/V R 7 4 =V F 4 VERKKE, PFGE)/Epidemiological studies (EFRIFHE).
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