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is now common at hotels and bathhouses after some
outbreaks of Legionnaires’ disease were attributed to
spa water [17, 18], but not yet on ships. The cruise
company had never performed surveillance for
Legionella in the ship; the surveillance on 23
December was performed for the first time after
inquiries by a regional public health centre about
the probability of Legionella contamination. In the
Japanese guidelines established by the Ministry of
Health, Labour and Welfare, legionellae should not
be detectable in bath water, with a sensitivity thres-
hold of 10c.fu./100 ml. Exact requirements vary
from prefecture to prefecture, but generally any
detection of legionellaec must be reported to a public
health centre, which will require disinfection and
retesting or closure.

Given the fact that the spas were implicated as
the. source of infection on this cruise ship, the im-
plementation of preventive measures is imperative.
Cruise-ship companies must be aware of the risk of
legionellosis associated with the presence of legion-
ellae in the ships’ spas, and must ensure that their
drains and pipework are as short as possible for easier
cleaning. Moreover, they must maintain all spa ap-
paratus fastidiously. In this cluster, Legionella con-
tamination of spa water occurred in spite of the water
being changed twice a day during the cruises. One
reason might be the porous natural stones in filters
where biofilms harbouring legionellae and other
microbes are formed. Porous natural stones or ceramic
balls in filters maintained poorly are so dangerous
that they should be discarded. Extracts from natural
stone Maifanshi and ceramic balls in domestic spa
filters [19] and a slurry of water and sand taken from a
whirlpool spa sand filter [6] harboured far more
legionellae than bath water. The current most common
ways of disinfecting them include superheat and
hyperchlorination. Another reason is the presence of
about 2001 of residual water in pipework between a
heater on one floor and a bathtub several floors higher
without appropriate drains. Such structural defects in
spa design teach us lessons. Although the chlorine
concentration of the indoor spas was set to 4 mg/l
with automatic dosing devices, the actual concen-
tration of free available chlorine residuals in the spa
water had not been measured and was presumed to
have been much lower than that in the guidelines of
the Ministry of Health, Labour and Welfare
(0-2-0-4 mg/l, <1-0 mg/l). :

The concentration of Legionella spp. in water
specimens obtained from the ship’s indoor spa water

ranged from 80 to 15000 c.fu./100ml, a concen-
tration comparable to those of previous large out-
breaks in spas [18, 20] (84 x 10%c.fu./100 ml and
8-0x 10° c.fu./100 ml). Legionnaires’ disease is an
opportunistic infection and frequently affects people
who are elderly, smoke cigarettes, or have other
underlying disease [21]. Our three cases were all 70
years or older, and the index case was a heavy smoker
with mild emphysema. In this cluster, however, there
were few confirmed cases of Legionnaires’ disease
although many elderly people participated in these
cruises. One probable explanation is that the indoor
spas have no air compressors and therefore fewer
aerosols. Another explanation may be that physicians
did not order laboratory testing for the diagnosis of
suspected cases. '

In conclusion, this report is the first documented
cluster of L. prneumophila sg 5 infection associated
with a cruise ship and is the first cluster of
Legionnaires’ disease associated with a cruise ship in
Japan. Since legionellosis cases associated with cruise
ships have probably been overlooked, and advanced
age is a risk factor for the disease [21], it is necessary
to pay close attention to the hygiene of water supply
systems, air-conditioning apparatus, and especially
spas in any cruise ship where elderly people are likely
to be passengers. We strongly recommend that
porous, incompletely washable stones should not be
used in a spa system.
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3. LY RSBEOSE
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SEIEIRSICER T T o 2. 208, A4, &
EE D IZoWTIEERMIZ, BREASOKRMEIZ
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BRERK, BHEK, 77K BIOVYT—Kk
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¥ —TAEH, 71 VT —% 5mL ORFEKIKE
LRAFE Lz, £HB O ImL %8 0 HCKCI
W (pH22) EMACBAEL, Tho50OEHE, 10
R B, 100 RN & 100pL %, FAFICH
LT 2D WYO-0 EXEH GRIMLSR) ICHEL
7z. 37T T 7~10 HHEER, 2O EICE
BFLRVIARTRERE AL, BMAER 100
mL FOLV VAR TEREEER L7 RHEBER
10 cfu/100mL). AHIZZFOEHOBREHEE, 53
BRYOMBESEEDICHEWAR Y VO LIZD K
2, ENENELLTEOREBRZERLL, £R
BZoW TBAE 2T, WYO-o EREHICHE
fEfR, 37C7~10 HHERE L. BHICEEL, L
TVEFRAIHFEDNIEIZOWTR, YAFAVE
KRR, 7725t IBHARE (FrrE
), PCR, N4 7N ¥4 ¥~ 3, BLUERE
FRINEEEZERLL VT AT TH LI LD
BEfTol. A—OHBPOBEBEOVIAATE

BRI ENAHEE, FHAEERELDEE,
IO —EEOBRIRURETRHL, mMEL5
HEx, PCRETRES L UMM ZHER L.

4, PCR

SHEICOWT, VITATBRERET A
H? PCR (LEG BIEF &2 #M)?, L. pneumophila
#FEET 5720 PCR (Lmip BEFEEH)YE
Tolz,. TROEDOPCROFERVIF RATER
T P27 VB TITo 2.

5. DNA-DNANA T ¥4 E—va v

BIEEBIUHRP SHEINLLVIFTATE
BWo—#E, BEZHRET 572D, DNADNA
NATYFA¥—T a2 ERKL- ODHL Y
T35, BE)., FREEHEN~== 7k o 7.

6. BIZFEFREDE

HEROMEPLAES R, MEHNREB X
DNADNANA TYFL¥—YaritkoTh,
BESTHCH -2 2 BEDOL VA FTBHEICD
WTid, MicroSeq (ABI) CTHEHEATWL TS
42 —% AT PCR 247\, 16S rDNA $H38 L3
O 500 bp DR 57z, PCREW IOV
T, BigDye Terminator Cycle Sequencing Kit
(ABDIWZ XY, 4 7 vy —2 2V AR R,
Fy¥sYy—v—s1r¥— (ABIPRISM 310,
ABD # W, HERFIZREL, BFEORHED
Bo5l & H#t L (http://www. ncbi, nim. nih. gov/
BLAST) BiEZRE L7

7. BIETHREEN

REZBIUREP OSSN VIFTATE
B 77 BRIZDOWT, NIV R T 4 — v KPP VERIKE
% (PFGE) K L A B FLEBI 2 VITATIE
WE - B~ 7 VICE L TITo 7. HIREESE
Sfil (TAKARA) TH ¥ 7)v DNA %4IH#%, %k
B ENSVAS L A5BP5 508, 60V/cm,
BN 21 KRR, kB Ny 7y —%RE 14T 12
i L, CHEFDRII (Bio-Rad) 2 & h BXRikE
21707z,

8. — MR E

B, ¥V 7KICDWT, O lmL HOEHE
K%, EEERTRERNEEC L YHEEL:.

9. 7 A—"DiEH
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Fig.1 Dates of onset of illness in cases of legionellosis, June 24-August 15, 2002.
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VI ASBEBET A —NREE T A =158
AR THERBEBHER L — 2 HTH
BEL /2. 15% (CHEREBREX (Bacto agar, Difco
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mm BT SAFy 7y —=VIZART L -1+ %
R L7z, BEKICRE L TmaE (60T, 1
) LAXBEZ2Z20REICH—IcBA LR
PERIELLOE T A—NOERERE LTH
Wiz, MEOBER, KEHOBEI ImL 220
¥, HbHWE50mL ELE % HCEB 50mL
ZHEL (500xG, 54H) I2X Y 1mL (M L7
bOREHBERMEMRICEY IRz, BRERICL
D EMREOKSH % % ) RETH T 2ITHED
BEL7zbZATTU— 2o — VML,
FHIRBTIOC ITT2BEEELL. AHOHRE
i, HEPBRONFTHoI b BbZD 10
mL BE% 50mL BOEICE D, THICRERY
KEMZTHOMLICARAT v 7k, BHRLTI0
BRBLETIIRY 242 8% L7z, 30 B REE
DERHEL, BEALOAHPEBRLTHS -
B2 05mL 20 7 XA —NSERAEMATEICBA
L7z, ZOBIEKRBOHE L R L CEEL
Tol., BEHEPIBEHHEELIT, TV—L
REIWCELDE TS5 — 27 B L7 A—1NDEE)

OEZHEL, MELLEMAKEDLWIZAME
EHVOTIS—-s BEERLE. T 5
7 DO—EEIRELL, FEMET CHBEMIC, FIC
BLVARLVTOT A—-NOREZEEIT- 7.
B R

1. BHORBELVYF A TEBRERERR
2002467 B 18 H, BEREANOEEBEIOE
BERETICN L, ARFOBRFEIAVLIFART
EROEREZRL, »OR—OABHEREFIEL
Tz OEEND - 72, NP —EDEF RS
DOWHETHY, B19ADIS, BROIAFEER,
BER D L OB OMEFEIREHRIGS i,
7B 25 BICREZ OWRDS L BAK» SR~
MEHOL I A TBEFREEN, SHICT7TH
30 H, BEEOWES & OBHEABROE &R
FHRP—F L2 eh s, ThEOEBFE—EIR
DHDELHFZ LN/, FEITIIARERZ LY

AT EERREOBERMEE YL, AR

o LEEELEzGS L. R
EEEEPOBEDH o2V VT R FERER
UBEWEE (BEZ) &, £%2054%7T, 6H 24
H2 5 8 A 15 H F CHRENBZD 6Nz (Fig 1,
BHBEFELRH) 25, 2055, 7TH7THP»S
31 BE TOEIZ 90% BREL T,
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Fig.2 Plan of the spa area of the bath house in Miyazaki, June 2002. R-1 to R-6 ; inde-
pendent filtration systems. A, a big spa ; B, a whirlpool spa ; C, a big spa with a
bathtub made of hinoki ; D-E, open-air spas ; F,a small spa ; G, a small spa with the

injection of air in which bathers lie down.

2. MEFROFERR & BE L OBR

AMERRIZ20024E6 H20 BIC /LA -7, 7
AlA»SERA—-7v L, 7TH23HET, 22
A%, 08, EX19773 A (FHFH 761
A, &, BEESE 1453 A) ASFIH L7z, FIER 295
% (B¥:1594%, wiH136%) oFfAIEE&EER
CES> T RAZORD S,/ 7TATHH
HE1986%), 7H 14 H (FIER 1750 %) &8
BHT, BEZEIRDILL, FREFNR2204, M4
ZTHol BREMIZ2E»S 15 B9l E
PEPLTCEY, ¥—J 5 HTHo72.20580
ERZ ORI D 95 RICh A2 FIERHIZ 570 %
(B 566 %, THES5758) Thol.

3. EEMZROMBE»SDOLIF R TEBE, —&
WHEE, 74— REER

Fig. 2 IHROFEM, Fig 3 ICHigkOEE,
Table LICZDEBEF P LDV IF A TEH,
—BHERB LT A —NOBBEEREZ R L.
REZER LB A~F OBEKTTHL L
VHFASBEPRB I, 20FELROBEIRB

il -\ ;
- 2 7
» AN Sy
"’ n T "\T‘Aj— Y oy ? ,‘"' ‘
ll ! 7 )\
;.s
s :\ €
\

78980 cfu/100mL TdH o 72 LLFHE, 104~10° cfu/
100mL & & V) BB OFEERIRD Sl S
ENTHOWMEDB L UMFEEIL, L. pneumophila
SGl, SG8, L.dumoffii, L.londiniensis %2 & T
Hol. BEOREILIVAZFORERL#E
&N 5 L. pneumophila SG1 & L. dumoffii "% b %
CIRBENTZDIIX, COBET, #Fh,
160,000, 520,000 cfu/100mL LEEZI h, ZhiZ
R4 DERD BRROBHE TH o7z DI, LY
AATBEAFROSL (IRBENTD L EDBE
(&4 1,500,000 cfu/100mL, L.londiniensis 2SEE
)i, Fig 2R L7z & 9 2w hd R5 OFER
JHEOBHETH o 72, /2, A~F OBEAL S X
10°~10°cfu/mL &0 —KMBER I MEB Eh, 7
A=NHBOBHEERL TRTOBEXP LB
Hah, REZERL: 6 DDBIEADORKE
OREHEFWE XS T Omg/L ¢, pH & 75~
765 Tdh o7z,

FERE (Fig.3) K2V TORETIE, BEREH,
Lk, VIR THIEIRHE SN2 o208, &4
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Fig. 3 A diagrammatic representation of the pipework of the spas.
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phila SGL IZ2WT, HIREBER SAilzRAWzZ/8L
A7 4=V FFVERKEEIC LY BIEFESER
WMikdtors., ZOMKE, BHAS I OHERORME
P 8N SGL 3T RT, BENOTEES R
72 SG1 & BEFHES—F L7, o TRMRES
LR IN2TRTOH SGL IZBEENICH—O
BTholcbEZON: (Fig 4.
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1976 EWCKE 7 4 SFNVT7 4 FTTREER L
VA A T ERMBEAFE L TRk, BORTRE
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®E, § 4 CRAREELZTHHHEAERED 3~
8% BV IFR TR TH oL HETE
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DRAFEIIKICHERTHL2IEL®, K#
BrEFRED 194 FEORVF 4 T v 7HOE
HEAPFRE I N T LREBTTHho 2. LL,
1986 4E1 Tkedo 5™, 1994 FEITER L, FhZ
N, 7= Y7570 629%,608% oL IF
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i, HARRBVWCHERKEAEEOL VT X
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R TE T, BMSAER R CIHEIICHRER
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Table 1 Detecion of Legionella and Amoeba from main parts of equipment

Detection of

Sample Detection of Legionella Detection of Amoeba standard
: : plate Count
. Date F;I;?S;n Total No. . No. No. Total
San;iriléng Type Detection*  (cfu/ ggfglizf (cfu/ Detection (plaque/  Species Detection  No.
100mL) BrOWP 100mL) 50mL) (cfu/mL)
A Bath July19 R2 + 2.6%x10% L.dumoffii 15%104 + +  1.8x104
water
L.londiniensis  85%108
L.pneumophila  2.5% 103
SG8
B Bath July19 R-3 + 9.8%10% Lpneumophila 9.0x102 - + 1.3%104
SG1
water L.londiniensis  40%X10
L.dumoffii 20%10
Legionella 40%10
species
C Bath July19 R4 + 6.8%105 L.dumoffii 5.2% 105 + + 1.6%10°
water L.pneumophila 1.6 X 105
SG1
D Bath July19 R5 + 15108 Llondiniensis 15%106 + + 1.8%x104
water L.pneumophila  45%104
SG1
L.pneumophila  65%103
$G8
L.dumoffii 40x102
E Bath July18 RS + 15% 108 L.londiniensis 1.4%108 + + 21105
water L.pneumophila  50% 104
SG1
L.dumoffii 7.0%102
F Bath July19 R6 + 4.7x10¢ Lpneumophila 43%104 + + 3.1X10¢
SG1
water L.londiniensis 43X 108
L.dumoffii 6.0x102
G Swab July 31 R4 + L.pneumophila + Acanthamoeba
SG1
L.pneumophila Hartmannella
SG8
L.dumoffii Vexillifera
H  Spring- July 31 -~ + 76 Naegleria +  L1IX10?
head
water Vannella
Vexillifera
I Tank July 19 + 1.2%104 Legionella - 1.2%104 + + 58x108
species
water
J Tank August + 32x10¢ Lpneumophila + 28 Platyamoeba +  16X10°
5 SG1
water L.dumoffii Vannella
K Tank August + 6.0%10 L.pneumophila - + 5.5%102
5 SG1 :

water
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L Tank August 13X 105 L.pneumophila + 17 Acanthamoeba + o 30%x105
5 SG1
water L.pneumophila Platyamoeba
SG8
L.dumoffii
M Swab July 31 R-1 L.pneumophila + Acanthamoeba
SG1
L.pneumophila Naegleria
SG8
L.dumoffii Vannella
N Swab July3l R4 L.pneumophila + Naegleria
SG8
L.dumoffii Hartmannella
Vannella
0 Filter August R-1 L.pneumophila + 100 Naegleria
5 SG1
Ceramic L.pneumophila Vannella
S5G8
P Filter August R-2 -
5
Q Filter August R-3 L.pneumophila + 1500 Vannella
5 SG1
L.pneumophila
SG8
L.dumoffii
R Filter August R4 L.pneumophila + 7000 Vannella
5 SG1
L.pneumophila
SG6
L.pneumophila
5G8
L.dumoffii
S Filter August RS L.pneumophila + 20,000 Naegleria
5 SG1
L.dumoffii Hartmannella
Vannella
T Dilter August R-6 L.pneumophila + 2
5 SG1
L.pneumophila
SG8
L.dumoffii
% 1 +, detected with a sensitivity threshold of 10 cfu per 100 mL. ; -, not detected

0, VIR ITEIRVETHYBREEIRT
XZ LB ENSG, LAL 20004EICAD, B
RIRY, FIRED, 2002 EICERED OBRNBE
ZERERE U7-EHREEFANBEL, 208
HTHRTEREREN L IN, ELIC5H, H
RT2520DEE (BVW2al) "BETHEW
IRREEFBREFZREEL 22 & 1&, T,

EREE, BLUAREHHEBEOLVILFTE

KHT2RBREFEOd0EBDRE. MAT,

20034E 4 B, RPFMEORBSESRE D, BB
OEFLHFTENA-ZLIZEY, 581, ER
D2, ARICBITBLIF R FEDERIHS
P BdDEELLND.

BESEHEABLTVAEAR, BEN-D
EREE2 22 L adoBAsERTH AR
BB A EMLRERIIFHTH S, ¥ 15%
LEHE AN, SEOFITIE LT T VIV OREN
B, G, ROMBIZ 1 EFrONBOBREEBELATY
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Fig.4 Comparison of PEGE patterns of Sfi I-digested DNA among Legionella pneuno-
phila SG1 strains isolated from patients with pneumonia and materials from the
main parts of equipment of the spa. G-T . Equipment shown on Figs. 2 and 3, Pa :
Patient, C1-C3 . Unrelated strains, A . A ladder.

A QQRRSSTTJAJLLKKL JGGAGMMPaCic203 A

727z HOBRBREPEBHNE P o720 THAH. F
7V OB TEERERASDES 2B 27
FOBAED 023% BRELTHEY, BEOR
HERREALL, 6820, 2l HOS V-7V
DABFEIT CIRBREEVPHTWAZ E2b, A
BHREOLV YA A TREIC L AERIEI ) BRY
ZEREVANVICELTWEBbE, 77,
BACERBE» CREFICHES DT R
18 HEFET, $TICIR2BDDABEDVERLT
WEEEREWY Fig ). ThiZid, BRPHED
BREFMICELTOERERL VXX FERZ TN
Ry —REHGE LTWEEE, RHCLYLR
FIEDOBMPTTRLZREESER L Twid oz
TEREREEZILNS.

BRAKPFOVIF A TBEIL, L pneumophila
DILFERES 4, 5 6PFnwEeHESNTER
PR FRAABHRICBISZAETOLY
F A TEOEHFBEX, L pneumophila SGL IX7
NTHE™?, ZOBKRTHLIAIITLEAHT
&5 %%, L. pneumophila SG1 D& EMEAIE D A
bLhwl, s, BERHESLHo ER
RBEEVIRETIE, TA-NNeEOMEY
#A% L. pneumophila SGL AR B S &R H B DD
Lz, B—0 L preumophila SG1 BRHNEILIZ
B &N, Z0RBFIZESDEIATRATHE.

RO EED S ik F—D DNA Bl OB R IZTRIT
Ehdhols GRERT—%).
SHEOBFTELRER L & - 72 HEKFO
L. pneumophila SG1 DIEEE L, 900 cfu/100mL &
&5 160,000 cfu/100mL TH Y, WRELZ6200D

Bk DM 4D DK T 10,000cfu/100mL %

BrCTw, BLL)2ERIAEEZEREEL TS
BE, TR, BRECBILZLITATENER
BT, BEKRF D L. pneumophila DIREIL, €
NZE NS 88,000 (L. pneumophila SG1), 8,400 (L.
preumophila SG1, 53 X U86), 130,000 (L. pneu-
mophila SG1 3 £ U76) cfu/100mL TH o 7279,
L7 RV VORERMEICD LB, MORFARE
DEFEERET 5 & 5000 cfu/100mL % = 2 5
BT S L EARERVORECHOAEETE
WeRBbhas. ZhWR, BRKFIZZORED
BEISHRH & NBEIE, ERETL VLA
TEBEOHELALETLLENDS ).
BEPPLSEEOL VIR IBEMRB S
72, FOWED S EICHH & N7z L londiniensis
R IE P RREOREAK T D O ORI THEE
PEESNTV 29, BEPHRIEE AT
R, F e, BRTIRAO TOREP L OS5 EEE
Thab., LALRED, ZOBCHT 2BEOR
B RELZEIAERL TR D020
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T, AMNOREHRIZEVEEZONSE, COWKk
i, 1AMELEELTCIIRP{ARTRZSRE
EOMIEOBVET, J0=—3hE0n o
RELBFZIREITE . /2, BREROSRINR
REERSL-MIYTHILIZEY, FABOH
BENXERTS L dumoffi ® 20 =—%L LTH®
BRELERAILTHETLILATELIER
b, BHRELOBEEBEIEDLODTEHTHA.
SHOBEFIORERIERNABEELFHL
T ARHERR TH o /2. WER S CHRAEKP CER
BEEIBRBE EIN R o XD, FOHEEHEN
BEIATbhCTnidholld, F—7vFdbi
WETLWHERRCH D 245, BHEAKRZIILD, 3
BEEOAM, BEODLWAEHMS, VIL
ATERCEREICRBEN:, ZOFROER
ELT, BEERBTA—INEY, 2EEBRH
LELTEBIHELTWZEEHITLoN5.
BTN, FABBRTRIEETA—NDEE
Wi &) MBS L AHEROETIER
ah, &bTm££ﬁ®E§E% 2REEHNS
BRTHE., TOLI) BERICBYTR, VYA
ATBREAL _#Bf%xof<%%n®&%%
TharI L, TA—INGEOREESY b CHEAET
HEVI)RHREEERRoTWAZ L, AR
BHLDBE)LBRLETHLZ L ERHRL

T, +AREEERE o TV BERDD L
S SN,
VYT R SEE, SEORAD LD i ABHE

BT nl, —BOEN, K7V, 28, Kk
©cd, WERME WBRE, AGRME, KRR
HEZRERELTREL) B, T0D, LIF
AGEOREICDOVTIH, 58, EVWHETO
WEREZZTOPRRITNIEEZbRVERbN,

Wi SHOBERACH Y, BEREROREIZTHII
RN ERRITERRE REMWHORBICITH AW
RPu-FERBRLZ S CREREFOERCBEHLL
Y. F, BREREZREL TRV, T ER
DWEEXLERE, LI* D IOREIIDNTERRS ZBE
BVl niegE SO ERICEH L LET.
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The Largest Outbreak of Legionellosis in Japan Associated with Spa Baths :
Epidemic Curve and Environmental Investigation

Mika OKADAY, Kimiko KAWANOY, Fumiaki KURA?, Junko AMEMURA-MAEKAWA?,
Haruo WATANABE?, Kenji YAGITA®, Takuro ENDQ® & Sen SUZUKT
YMiyazaki Prefectural Institute for Public Health and Environment
?Department of Bacteriology and ¥Department of Parasitology, National Institute of Infectious Diseases

In July 2002, a large outbreak of legionellosis occurred in a bathhouse with spa facilities in Mi-
yazaki Prefecture. Two hundred-ninety-five patients (including suspected cases) that had pneumo-
nia and/or symptoms of fever, cough and so forth were reported ; 37% of them were hospitalized
and seven people died. In environmental investigations, Legionella pneumophila serogroups (SGs) land
8, L. dumoffii L. londiniensis, some other Legionella species and many kinds of amoeba were isolated
from 55 samples of bathtub water, tank water, filters and so forth in the spa facilities, The dominant
isolates from the bathtab waters belonged to L. londiniensis,L. dumoffii and L pneumophila SGI, and
their maximum concentrations were 1.5% 10°, 5.2 X 10° and 1.6 X 10° cfu/100mL, respectively.

L. pneumophila SG1 strains isolated from bathtub water, tank water, filters and sputa of patients
showed a indistinguishable DNA fingerprint pattern by pulsed-field gel electrophoresis (PFGE), con-
firming that the source of infection was the spa water. Our study indicate that spas may be a signifi-
cant health hazard if hygienic management fails.
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