tnz b,

7 Y EZ TGRSR ES OGHEE TIE RV OT, i
BRTRZOEFOFREZBEL TV LW I EIE N
P, TYEDTEREURREKEPL ) OBEETALR
HEHE? shTwa,

T YRS THRSUANC, EHEEREFESE TR
RREOREELT, $k- v FY, Bbk®R, 73>
BRE 7 L OB R, BETIRERTIANRET IR
N H 5 pH4 D TOBER R E05H T o5 Y,

MR OB ROEMIEREZEICL 2EERICMA
T, AER MNINT RS VEOEFBEEBRYOER D
MEEE 20 2 5,

3. ABESALLTOE/JO0SZVEHS

KREOKETHRA SN TWAEE/ 27053 VlE
&, EARTIEKREERITHRAIS 17 & OKEOMK AT
BIERICLH2HEFZ 04mg/L DR, FLLFERER
LRNDHBEE 15meg/L DL EEHE) CREBRIN
TVHHEEEFICHE L, BENTOHRBEICERTEE
EZbNb,

3.1 EBE/OO0SZVOREMRETEE

B 2I1RT L9, 3mg/LOE/ 7053 UIE,
= pH I (pH8S8), 40 CHO®ET ¢ 10°CFU/mL O L
VAXATBHEE 0B CRREATERY TVHIVR
TORBHENHHETELIRETH B, 72, AL
3mg/L DEEDE/) 70FI VLTV IF AT
BROBBEBETH LT A —NOREERL VR FOR
LR TE 29, &P, £/ 27073V EHAR
R L7256 B ORBE DS DB S B 75, EBR
By % F o 72 B R EGRER Tl 56mg/L DIREDE

EB/OOZIURINE

a0k
< %.. ««««««««« »,_c: _____________ L.,
2 SeE 3
% 20
i;\/ | | =e=FARNERKEH8.2)
G ~o— 35K (pH 7.3)
X 10
) ~2e-Hi’k (pH 7.5)
HJ

0.0

2 4
fEBEERE (hr)

BRI BE(me /L)

B 7053 VEEC L BERROMEENE

40°C, pH8.8 MBI T T, B/V053Y 3 me/LMEEIT
10 B DIEENTC Logionella pneumaphita 108 GFU/mL:
BETED. (AXH, f. 2000)

7.00

6.00 0 mg/l.
~5.00
g
400
& Smel 3 mglL TmglL
B30 g
2.00
1.00
0.0 50 100 150 260 250 30.0 35.0

< B/IOSIE my/L BEEIX15 M OB T Acanthamosba sp.
S 100 EERFLTED (Ot {H:47)

« B/HIOS33 mg/L BEEIR 2485 O BT Acanthamosba sp.
SRR 10 BEFFELTES (Ct {H:3700)
\KHESE, . 2012)

2 B/UOFIOLIYART, PA-NIHT B
B - TE{bR

Jrnag Iy EREmEHES N, ABICELXR
AL 311 R (A

3.2 T/IO05ZVHESOEESHEER
BRAKCBIBZE 27053 v OREREMD2D
12, PEOBRRERKICE/ 7053 % 3mg/L D
BEICRLLIBML, T 4—F—NAT40 CITH
BL, —ERECEIC, B/ 7073 VIREREL
AL

K32, 7yETRERT 04mg/L ELIRRE
BROBRAZEE-TE/ 20T I VEORERRBRE
T olefRER LIz RRRAKFTIEE/ 71073
VIR 6 MM ERE L TR N, —F, Rk
BRRE T ELPITET L 30 5741213 30 %I L
720 TOXIICRRBERAKIIBIZE/ ZUTI VD
BERERZENICHLIET, ZORRKIIBITS
E/70T I VHBORAMEEEMICTPHTE I, £
/70T 3 VHBEOBRG~OBAHMOES B L
Bbhs,

B, EEHEREEIDEX I VWRREGEEbh

REIFEFREES ) L IR

30 ¢
l(\—ﬁ%%:“::‘::‘ﬁ-ﬁ« i - :_X
20 \ =7 LAUESKEH 82) [
\ o 27K (pH 7.3) -
10 \ e TR (pH 7.5) B
e °
0.0
0 2 4
Z@rERE (hr)

3 TPUEZTEBFEECERERAKIBIZE/ /053 E0REMRR
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BT UELTRER, 7IVE, %14, Ui
A%, B4+, EDOE/ 7053 VIiZ52
BEBERRI-EIA, /705 I U ANOEENE
LAE Lo DIR, TYELTREZEL7IVEET
Holre ATV, /205 IVAOEEFRD
Nz o0, WEETIGEEER LY bAShor,
IfbA 4 Vi3, BERENICE/ 705 I VIRE
R PIET SR 720 B A F VIZRIGHENE
Wolzds, A F v ERBERERICH o7z TR
HiX, £/7073I v EBEHEROWTNTY, BN
ERICAELBERTIHERASL, RANOREOHE
BIEFREIREL Y, ULOHENS, €7
09I VL COBEES X 2MSHFHEET LI L
PHRER TR A, WHHER X 0 ISR R LA
EFEONTRY, EEERLEICEZ TRREEH
DBERVHFETE 5,

RE MY LA - REBKFRIER.

RE:FHUL-RIEBR.

4. NBHEENDE/ IO05 XV EE0EASEE

4.1 {ERIVBERSRANDBA

REORL - 2EEFORRMEE 3 » FTOBRASB
B (X4) T, £/7053I VHBEORIERREZT-
720 NHMERIE, 1 HFEHFHE K 300 ~ 600 AHIE
DERBERE BAEE65~28nl) T, REWEHE
L8R, REKFIERT, pHIX78, 82, 90 DEE7
NAYBROTVAVETHY, TVEZTRERS
04, 19, 43mg/L &A TV,
HINCESRAKZHoTE/ 2705 3 VEEOEAHR
BT, FRECBIZE) 7053 VIBEORE
HEBR L LT, BEMRTOEMRBRZTo7

42 ET/OO05ZVOER - EA - AIEAE

B/ 7073V, KREKTEHFFKEC 12%
REEREET MU T ABHRE 20 %EALT VEZT A
B EMEREM U TER Lz, ZORO™HOEVL

£

CRE:FMOL-ANYIL

pHO.0, pH7.8, BitHR. pas.2,
FUEZTREER 1.9 mgLED FUEZTHRER 43 mgLET FUEZTHBER 04 mgLEE
- RRBPOBREE F ARBBOBERAS CRTILOBXAR
F AR 20m? - AR 6.5m? - AEER 28w’

- FIEEY FH3190/8

« FIREY: Fiys587A/H

» AL Fiy480A/H

4 E/UOFIVHBEERBLAEETORREROBE

&

- YT e

.-" - e éé*;& : 7;
ﬂ pHE 1

JUVRNRCPIUR 1 || RN M

12% REY 20% NH,CI

B 11 B

SERBEM

N
EL

5 E/UOTICOEBER « EA - BEFE
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T 70T I YEBIC L BB AKOMAENK

+BEXRE /7053 VBE (mg/L)
-4 KB WERERRE (mg/L)

)
=1
w
g

12818 | 12H28 | 12f38

T o] P3P P P P P O P
R SRR EEE R R
‘*ﬁ‘“[NiHﬁﬁN'-'F!ﬁiNiﬁiHiﬂlNEﬁiﬁx‘—”Néﬁlﬁ!ﬂlN;'—'lﬁgﬂiN
2014 1074 § 138% | 133% | 2188 | 5028
i i

i

12648 | 12858 | 12R6H | 12B7H l

6 T/ U707 IVESHECERERESHEORERRE L ABEY

FEERICHLTT BT EBEHE (1 25) &
L, Y7us3rBLU0MN) 7053 VEROGIC
=iz

/70T I VOEREAFER, e FOFICLBEA
LUEE Y TH D5, BRI L DEAPER THERET
Hho BMICEAEAIE/ /0TI VEREEBLSY
BRBENEEHL ALY CREL BHEHIHT 2
FiE (®5) &, FHEOBMBISL—EEDE )
7073 VEEAL, BEEX—BIIROI A< —EA
FRP OwFnricBRHAL. £85I VI3
BRBD A BEFNTEA Lo

6z, —llHNE/) 70T I VEFHEL AR
B TH 5 EMHIERHEEM TIE LS ERBEE L
ANBERER L. £ 7093 VEFSEOBERAEE
FAKDOBEIABERI PP DO T —EOREHE
(25~ 35mg/L) #RELTHHFT LI LI TER,
B/ 70T I VIRED, ABERIC»rPDLTREL
THRZZND Z L, FHEOWRITELETI A< —iE
AT BHROMETHRAKTH -7z,

4.3 E/OOSZVDESHR

®/70F3 VigEXBBRET S HEE, ¥A4<
—FEAFROVWTNZ RV HERTY, LYFTRIE
HiE—URHEShY, LIYFTFSREOBBOEL %
5 HBEFET X =" ThHolze HELT—
W% OMAEYRE L FRIERBEOKELR1ITR
L7z Mio—HEk CIXERNICENE L 72 W R R T
OWMET, BRARCEINLT V27 OEETHN
KA 6 BRI IR S (ke sk SR 2
BRTWwihniz), LIFA25BRIMB I,

—%, B/ /03I VHEERICELVIYIASER, 7
A=NEBUERMETHY, /7093 VEFOE
ARSI NI,

R TEHFELLBRR VA, A F V2 ELHRD
HREHCHFKOBEPLE P THE/ 70T I Y
HHEOEREIFERTE 2,

T 7z, BRERDOBEELZT TR, £/27053IVH
BIEBNA T 7 4 VABRERPTERIHZIRSBHL 2
2oz BHHRDONT ¥ v v T v —HHEEENEZ

FTREMo2L A, £/ 7073 VHBEMRC
1 FUrEZTEEF0AMY/LEAEUEREBERROT/ /7O I VHBEOEEBERRE L REYRERR
it PR 1B PR 3EE 438 E 518 E 6iEE
L U4 % T BEIE(CFU/100mL) <10 <10 <10 <10 <10 <10 <10
WEIBRE T A= B ({E/50mL) <1 <1 <1 <1 <1 <1 <1
PEBFEMES(CFU/mL) <1 1.1x102 | 5.2x10% | 1.0x10% | 1.7x10® | 1.6x10* 7.9x102
£/ 787 Amg/l) 0.1 2.6 3 3.4 2.2
— YruF 3 (mg/l) 0.1 <0.1 <0.1 <0.1 0.1
R r 2 uT 3 (mg/l) <0.015 | <0.015 | <0.015 | <0.015 <0.015
R SR (mg/L) 1.2 <0.1 <0.1 <0.1 <0.1
/71273 Amg/l) 0.35 3.6 3.2 35 4.0 3.3 3.7
¥R (me/L) 1.5 3.0 4.0 4.0 4.0 4.0 4.0
RROHRE Wik (mg/L) 1 0.1 0.1 <0.1 <0.1 <0.1 <0.1
W7 e = 7 (mg/l) ND 0.32 0.55 0.4 0.25 0.35 0.3
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BENAFEL oMY, EREFHERORERY OF
hOFELEERELSELZDZEPBEHRTHIETEL
B®7o

B 7UFIVIEHERIDOANLE T 4 VAN
DERBWDEL, /5S4 F 7 4V AROHE % 2RI
BETEAZLEERNCIHEASNL TS Y, 20
IIABE) 0TI VL BNLF T 4 VADHIER
RiZ, BRROBEOETGEH R TLEFE SN, BEN
ORBKDE ) 705 I VikES 15~ 3mg/L 2%
B4apIeT, BERNOLYFXSBROWBHE - €%
ZEHIL, VLY ATECKRNBEL FHTELH
HEhTnws » e,

4.4 1BREEHBRIERYDERRIR

1 O, —BREOBEKOZEEREEY
RL7z. BEROEEYWED—DTHL ) /T3
ViE, 3HEREDE, 70T I VEBEHHTIERER

X7 /70

Conc.(ug/L)
=y
L)
1

HENY, ABENDOT V7 — P THHEIELOFHE
Rlpolze BEICL VA TEOERNBEND - /21t
BT, ABEPSOBRREOEE CEBIERREL
BAHZ TR LoFELHL, £/ 70T 3 ViHER
CHEREFLZ NI L, ABEOALDLT, BELR
FASRD LN ARk OB AEEHELE Lo THHE
LwzitEbhs,

812, —MFEOBEAKFOKIINTRAFT D
BEERN L7, HHIEREER 153 g/l ERWE
Tholds, E/705IHEmEAB (12H6H
PARE) 13 1/50 12 (3 ug/L) BT TR TE A Y,
/70T 3 VHBIIHEEREIERY OBRRBLICHERE
WThsHEBEbh,

B, ATVEAF VEEUHBROBIEKTE, £/
rag I MEICLY, GYRENI TS VDL
WESEMLZY, a0 F T/ 7073 Vi
BEEETE€Z B0 oTBY 2, avFE4+v

rOTTT—— -

Chioroform

Bromodichloromethane
Dibromochioromethane
3 Bromoform

=1 Dichloroiodomethane
== Bromochloroiodomethane
Dibromoiodomethane

= Chlorodiiodomethane

1213 12120

14129_Cl 1130 1206
‘ HoFYLG AR
ISR HER

Bromodiiodomethane
— lodoform
110 1124

8 SAEKBORINOXLLORE (GESEA, i, 2013)
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BEETAHERBANDE) 70T I VOBEOTRHIC
DOWTIEICRFT LT &0,

45 BFRULIVBE~DEA
LEEOTERZZ I WENTIE LRER D 295%
(119/403) DRBNS LV F 3 T BEIKRB ST
57, HEBROTVH)RE (pH.0) OHENFIEL
NRRERTHDERAKRDO LV IVF A TBREHELICERL
TWwiz, 22T, 5EMPLBERAKDE/ 7053V
HEZEA LN, HEMOERKLSZHEEL LIS
ATBHEISBHEEINEAY, £/270F5 3 VIRED
3mg/L 2% X HBHRSY ¥ 7 WIEREASRES
SNZBHAP S, VYT ATERE, HHAEET
A= BT ENT, TAREEHRIBEONT
Wh P, ABEPLEREOFEFIILL, REDRE
L72E/ 705 ViHBRERPTH S,
BRIBED 55 CUT o8 LNIRRRE T,
BRS VIHNTLIYF R TRROBESAOND L
bbb, TOMIETERS v 7 NOHREHEBZIITD
N5 HBERD LY ATBREMRE S AL,
BFERKZODOOHFERIELN, FRAKEZHEET 24
EPHTL 5, ZOBEDL, BRY V7P OBHEIZE
5 TORELED, REBEEEL CEABRES RS
SN, T VOABIEI EBBICLHEKED &
W, /70T I VHBEPANTHA ),

46 ET/OOSZVHEBOEES

B/ 7053 VEBE, KERRPHFKIC, KEHE
EMF P TAET VESYARTHAEALT v ES
T AR EERRAESETERT S (HCIO + NH: —
NH:Cl + H:0)o & OBBREBRBIIREDL & 2T,
F ¥4 PTORKREPSLEL 25,

Fi, B/ 7073 VIERERIRCT Y EZ Y AR
BLRLAY, pHBERMEICEL &, £/712513
VHLEROERERE LY 705 3 (NHLCL +
HOCl — NHCl. + H:0) %, bty 2u53 ¥
(NHCL + HOCl = NCl + H.0) A AR S5 W REH:
2HY OERLETRIER SR,

EBIT, B/ 7053 VEEALLBEKICERE
DREBHREF My 2EMAAI LR, £/705
IVEEOVKTRLEEOMN 78T I VOERICLS
ERBEZFIBIYD B, AR, £/ 7253
ALBRAE OFLE VS RIS REIRRER T MU v A 2
FTHI LGB IE) ARG, B 20T I VEHE
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EruS 3 VHEBICE B BRKORENE

DEEEXEBICEBREE/ 7053y (RBEE
20mg/L BE) OEANFZLETHRITHE P L
ZHERLTW5,

B 70T 3 VIGEREER L FARCABICEESD
D, ZOHKBIZIZPNSLEE R BEEDH S, H
KA T ACES LT B iR T L E R WS, WINC
BT 5 & RBRTIXE 705 3 v %R TR
Lagids bhv, RAAIE LT A5EEST b Y
LARTRERF M) Y ADEHTES P,

5. B/ 9035 ZVHEDRFINDEH

BT T, AMRRRSELRILE LT, BRTA
RIS B EENAT 5B L OB R T A RIEBESF O ATICH
3% FLRSE OV 8 B i BB SR S A T 4 0 B OB R T
FREEEESOMATICHE T 2 HANCBWT, Fhk 25 4
4176, BHEKOHEELEE U CEMKEESR
kB FEEEIFuSIVICEAFEREEL, £
Lok BRIRTELZEELL (FE2). BAKNICE
2053 vEEREIEYALDOREETHD T
Thb, HHTHNICIEIEpHDOT VA IRRT VE=
TREREZECRRIS VJIRFKESE, SHETL T,
X ORRTEE RHEET BT BRLEE S Z D54
FEERICDETI LD LEDNG, ZOLFOBRE
PEENICEBINERL T ZERFEL TV S,

K2 BEATARBSERITERALEOLICHREL D

(1) BHEKICERREFERAT A% COBEITHENT, B
KOHEEARERREIX, 1 Uy ML 0.2 SUTS L (KRR
EHB, v MESEBETOMOWMNIKMERES LK
& (T TRUaREEBSE) LW 5, ) 2ERT 58088 K
1ZH>TIE 1Yy FAF0IZYSTSLUEIZREDEDET S,

(2)i8HKIZE/ 285 2 VEBRAT AR, COBEITBLT,
BHEKROE/VOSIVERER 1Yy b3S YTSLEE
2+ ET S,

ELohEERENRIRTES

BEAy@EoO@BMcLs L, HAETHE/ 70T
IVHBORHIEMEECEHIRENTVE, ¥
LB BN ARE) 705 I VOENEANS
TR, FHFEEEROLEHICE, 70T 3 ViEED
FHENE ZEPHREBTHS .

6. $HhbhIC

BHAkOE 7053 VEER, ERERNEBICL
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40

N, BENEZELTHRE SN, HESESRIM R
L, HHERIEBRYOERI DL, BESIHETS
NAF T4 VAORE LRI TEBI &, Tk
LIRFRRRNRCEELHBRIERYRRTE LT
L EDRERENT Ebho T,

EB 70T 3 UHEEE, TTRERKROKE S R
BRI P TERSN, BREFIHETENAF T4
VADRRE L BEMHIATEET, VIR ITERED
FHICHREHTH L EREINTVE ?, HRTH,
BRKEFICE/ 707 VEBERATHILT, £
121,000 2P LD BERHASSNTWE LI F X T
DFERFILICHI RN D B LB S D, /7053
VHBOBEAKO L VA A TRRICERT 5 ik,
BT B7H, AHECE>sTOREREMEE, WTh
DB o THEAGHBRE 2B L2 ML
72\,

7. HiE¥

REFE, BEAEYBRENREMDES (BHREE -
RSN ERAMREEED [V Y4 2 FMEDERE
(LR OHBES IR AREHS BT 2 HEEHETE
B3 B EEge] (BFFefiEE © A, H25 - féfs -
—f% - 009) RO [ARBEHEIBILLIFATRE
BN E2 a0 RENEESHEFRCET 203
(Brgeftss © A0, H22 - f&fs - — ik - 014) &
L L - GREENERETIREED [ARBHIC
B3 VYA OEBFEONSR] WiEfREE
HEEELES. H19 - f#fk - —f% - 015)) T, BT®
Fik & HETEMmL 720

ERZESE, FEEZ, WHE (GRS ERe
gD, B (7277 A (B o ISHRATIRA,
MR, [LOXA, EAEM (54 7 A1k (#8),
ABREBA (PRERARR), HEPERER, #lE ()
wVv), EHET, MHEAA GRTRERAETZR
BN, FILELE ERWRER), #HEFEA, ik
¥, BERKT (EVEEREMEEFEE), MR
i (ELRRERRER), RUMER, JORHER],
HEIEEEER, A3 (ENIEISERTIERT)

e |

1) MHEEE, WEHERTF, AXH, #iMT, #E2
HHE, JORHRER], i BERAABERICBTS
FIFBBADOV VA 4 FHEEFRGEE I AR

DLEBRIETA. BRYYEFHERS 79 % p.365-74 2005.

2) Kuroki T, Ishihara T, Ito K. Kura F. . Bathwater-
associated cases of legionellosis in Japan, with a
special focus on Legionella concentrations in
water. Jpn ] Infect Dis. 62 (3) p.201-5 2009.

3) Taguri T, Oda Y, Sugiyama K, Nishikawa T,
Endo T, Izumiyama S, Yamazaki M, Kura F.. A
rapid detection method using flow cytometry to
monitor the risk of Legionella in bath water. J
Microbiol Methods. 86 (1) p.25-32 2011.

4) Seidel CJ, McGuire M], Summers RS, Via S.:
Have utilities switched to chloramines? J Am
Water Works Assoc. 97 p.87-97 2005.

5) Flannery B, Gelling LB, Vugia D], Weintraub JM,
et al. © Reducing Legionella colonization of water
systems with monochloramine. Emerg Infect Dis.
12 (4) p588-96 2006.

6) B - HANSABRERES | MARBE - B®
2010 p.748 HAIEF L

7) AEBET, RERWE, RIRE, HOE RS
ZRR BT AERKROKEEIZONT. F
FEREER 5 54 5 p.84-90 2005.

8) HEFHRM  BEMHE LTOBEHEETEEE
BOEFER., NPOBEAERLER 7+ —F2E
#

9) AXH, RIEF: T/ 2705300V VT AT
T ARBER. BAEGEHHEEE &R
RRA - EREHENRREMEEE. ARBEC
BUIBVIYA AT OWEEHFEICHET 0% (BF%E
REH HBEERR). P 20 FESEMEREE.
p.15-24 PRE 21 4

10) SORHER], RIER VI A TRBREMNEICS
FEBETA-—NOERER-E/ 707300
Acanthamoeba (2343 B ARERIR - . EEHH
M RBEHERERLE - REEN TR AT
FHEE. ARBHEIBILZVIFATRENRE
ZEOIRENREEEEFEICHET 508 Bk
RFEE AXH). PR 23 FERIE - 4R
HE. pl79-182 TR 24 4.

11) #MEZEA, RIMER, F) (HH) BF, =
F, BEZHR B/ 70T 3V OREE— RS
BT A EASEREMAEMD SRR
& - EREEM SRR AT REE. ARERIIBT
LUK AT OEBFEICHET L% BrEfE
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12)

13)

14)

15)

16)

17)

18)

H OETEEER) FRK 20 FEESHEMEHRES.
D.30-47 FBE 21 4.

FAEM, WM, TOKRA, BILUER, R
B, /AMGER], RILELE, MEBA, EHHK
FITVEZYAA Ty, TULAF &N
FHRIOREMECE 2 538, BESBHENER
WpERREES - AREETRRaEEE. L
Tk R TRAEOERILE OTHBS MRS ARG
FIIBT o HAETEFEICHET 5% (FFgeME
B AXH) Pk 25 EEREE - RS E.
p.51-58 L 26 4.

BILER, AUERE, RILETE, B, EkE
BR:IE/ 70T IVHBICLDBHML YT ATR
HOMAENK. REERPE 59 (2) p.109-115
2010.

EFEZ, WS, mMEEA, SORBRER, 211
iR, ANUER], RIUMERE, FILELE, it €
/707 I VI BERABEOHBHNRICON
T - BEBRICBU ZWEERR - . EAZHRE
MABRMPSRRLE - BREHNREEIEF
EARBHECBIZ LV R TREN KL ED
TR AR AEEEFEICHE T 5098 (BF7eREE
BXH) PR 24 FERE - 2HEWTERES.
Dp.27-38 SR 25 4F.

BRFRHE, MEFEA, SORHMER, BILER, MK
WE, RUMERE, REEE, FUELE, i
HxDERKICBIIAE/ 27053 VEEMHRE
BRI OMAE. [RGB FII R
R - EREH SRR EMEREL VA A 9m
TORER THESF IRL ARBHF BT
WHEEHTHEICH T 201% (FRAEE  AaXXH)
ERE 25 R EERREE - S HEATZEERE E. p.35-50 P
26 4.

Lee WH, Wahman DG, Bishop PL, Pressman
JG  Free chlorine and monochloramine applica-
tion to nitrifying biofilm: comparison of biofilm
penetration, activity, and viability. Environ Sci
Technol. 45 (4) p.1412-9 2011. ‘

Kool JL, Carpenter JC, Fields BS. Effect of mono-
chloramine disinfection of municipal drinking
water on risk of nosocomial Legionnaires’ dis-
ease. Lancet. 353 (9149) p.272-7 1999

Casini B, Totaro M., Valentini P., Baggiani A,

Privitera G. . Long-term effects of monochlo-
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) 70953 YHEIC L B EKOM AR

ramine disinfection for Legionella and other
waterborne bacteria control in a hospital water
network. The 8th international conference on
Legionella. Book of abstracts. p.82 2013.

19) FhEFEN, EEEZ, BHE, & (HP) BE,

20)

21)

22)

23)

24)

T, B, MILER, NMUER HE
Bl O BT, EEFHFEMERMHB&
BERE - EREIN SRR EMASTELRESE
ZBITE LI A TRRENEE EOIRENEE
EHMFHEICHET 98 WIEREE BXXH) F
B 24 4F BEARIE - 0 EAFSEIREE. p.49-58 Tk
25 4.

MEEN, BRIHE, SORHERER, &) (HE) B’
F, HERKTF, BWxkhEF, WEET, BRI,
i : HEERI AN DR ERE. JEA BB A
BHBERERTSE - SREEMFERSIEFEL
TF A TREOEEIREES IR D ARBS
SICBTMATHFEICHET AR @iRMRER
AW PR 25 SRR - oA RmEE.
p.59-68 Pk 26 4.

BRER, BARRK, KBBE, WOHR—, £
KREL, BRESRT, WHREL, BILUER, Pk
¥, MEt—, BEMME, BcE, 2xXH, AR
HEs], RIER], JIREF, LIGFIKE, BRI,
FEEEE BIRLRNRRICBTBELV VAR TR
WHEREVRAIEAT. BREEFERLS BT
p.36-44 2009.

MILER, BREHE, wEE, RILER, ARE
Al DER LSRRI T AE /20T I U
FEHEOEN, EEFHHENEEMSRERE
& - FERE N SRR ST F R ARG HE B
HLIVEATREN KL EDRENEEEHT
EICET A% (FRAEE AXH) P22
FEERIE - TR E. p.3340 PR 23 4F.
BRFRHE, BIMER, MEE  HEIUERICLSHE
K OEFRROFE. EAE T @R ERT 7B )
ERBEZE - AREENREMREE. A%0
BIBTBLIA AT OHEBEFECHT A%
(WF7efsk®  EBRERR) P 21 420 E7EH
HE. p33-46 L 22 4.

Kool, J. L., Carpenter, J. C., Fields, B. S.
Monochloramine and Legionnaires’ disease.
Journal AWWA. 92 (9) p.88-96 2000.
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Close Genetic Relationship between Legionella pneumophila Serogroup
1 Isolates from Sputum Specimens and Puddles on Roads, as
Determined by Sequence-Based Typing

Jun-ichi Kanatani,? Junko Isobe,? Keiko Kimata,® Tomoko Shima,® Miwako Shimizu,® Fumiaki Kura,® Tetsutaro Sata,®
Masanori Watahiki®

Department of Bacteriology, Toyama Institute of Health, Nakataikoyama, Imizu-shi, Toyama, Japan®; Department of Bacteriology I, National Institute of Infectious Diseases,
Toyama, Shinjuku-ku, Tokyo, Japan®

We investigated the prevalence of Legionella species isolated from puddles on asphalt roads. In addition, we carried out se-
quence-based typing (SBT) analysis on the genetic relationship between L. pneumophila serogroup 1 (SG 1) isolates from pud-
dles and from stock strains previously obtained from sputum specimens and public baths. Sixty-nine water samples were col-
lected from puddles on roads at 6 fixed locations. Legionella species were detected in 33 samples (47.8%) regardless of season.
Among the 325 isolates from puddles, strains of L. pneumophila SG 1, a major causative agent of Legionnaires’ disease, were the
‘most frequently isolated (n = 62, 19.1%). Sixty-two isolates of L. pneumophila SG 1 from puddles were classified into 36 se-
quence types (STs) by SBT. ST120 and ST48 were identified as major STs. Environmental ST120 strains from puddles were found
for the first time in this study. Among the 14 STs of the clinical isolates (n = 19), 4 STs (n = 6, 31.6%), including ST120, were also
detected in isolates from puddles on roads, and the sources of infection in these cases remained unclear. The lag-1 gene, a tenta-

tive marker for clinical isolates, was prevalent in puddle isolates (61.3%). Our findings suggest that puddles on asphalt roads
serve as potential reservoirs for L. pneumophila in the environment.

egionella pneumophila is a major agent causing Legionnaires’

disease, which is a severe form of legionellosis and a potentially
fatal pneumonia (1). L. pneumophila is a Gram-negative bacte-
rium that is ubiquitous in natural environments. In addition, it
has been found in anthropogenic environments, such as cooling
towers, baths, showers, and decorative fountains (2-5). Legionel-
losis may be acquired through inhalation of aerosolized water
contaminated with Legionella species (6). Therefore, aquatic facil-
ities are potential sources of sporadic cases or outbreaks of infec-
tion. Although 58 species and more than 70 serogroups (SG) of
Legionella species have been identified (7), more than 90% of le-
gionellosis cases are caused by L. pneumophila (8). Among 15 se-
rogroups of L. pneumophila, most clinical strains (80%) in Japan
belonged to SG 1 (9). Recently, in the United States, Kozak et al.
revealed that 75% of the L. pneumophila SG 1 clinical isolates but
only 8% of environmental isolates harbored the lag-1 gene, which
is required for the expression of the virulence-associated epitope
recognized by monoclonal antibody 2 of the international stan-
dard panel (10).

To identify the infection sources of legionellosis cases, se-
quence-based typing (SBT) was proposed by the European Work-
ing Group for Legionella Infections (EWGLI); SBT is a sequence-
based scheme comprising defined regions of 7 genes (flaA, pilE,
asd, mip, mompS, proA, and neuA) for L. pneumophila (11-13).
SBT has been used as a molecular typing method to characterize L.
preumophila SG 1 strains (14~16).

In Japan, public baths are a major source of infection, accord-
ing to the National Epidemiological Surveillance of Infectious
Diseases (17). Fatal cases of legionellosis from homes and spa
pools have been reported (18, 19). Recently, several reports re-
vealed that legionellosis could be acquired from puddles of rain-
water on roads (20) and from air-conditioning systems of motor
vehicles (21). These environments have thus been considered po-
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tential new sources of infection. However, the genetic relation-
ships between strains from clinical specimens and from these en-
vironmental sources have not been clearly analyzed by molecular
typing techniques. Furthermore, our previous study reported that
the comparative analysis of L. prneumophila SG 1 isolates from
sputum specimens and public baths found a clonal group formed
only by clinical isolates that were not associated with bath water
(22). The short genetic distance between strains of the clonal
group suggested that they were derived from a common and un-
recognized type of source.

We hypothesize that clinical isolates that are not associated
with bath water may be genetically close to isolates from puddles
on asphalt roads. The main objective of this study was to charac-
terize the genetic relationship between L. prneumophila SG 1 iso-
lates from puddles and stock strains previously isolated from spu-
tum specimens, public baths, and some other environmental
sources.

MATERIALS AND METHODS

Bacterial strains. A total of 140 L. pneumophila SG 1 isolates were ana-
lyzed, including isolates from puddles on roads (n = 62), public baths
(n=51), cooling towers (n = 5), showers (n = 3), and sputum specimens
(n = 19). Among these, 62 isolates from puddles and 5 isolates from other
sources (1 isolate from a cooling tower, 2 isolates from 2 showers, and 2
isolates from 2 patients) obtained in this study were collected from 2010 to
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2011 and from 2010 to 2012, respectively, in Toyama Prefecture, Japan
(Table 1); the remaining 73 isolates (51 isolates from 24 public baths, 4
isolates from 2 cooling towers, 1 isolate from a shower, and 17 isolates
from 16 patients), obtained in a previous study, were collected from 2005
to 2012 in Toyama Prefecture, Japan (22).

Identification of Legionella species from puddles on a road. After
rainfall, water samples were collected at 6 fixed locations along 3 main
national roads once per month from November 2010 to October 2011 in
Toyama Prefecture (Fig. 1). The eastern and southern parts of the prefec-
ture were not selected for sampling because they are mountainous and
sparsely populated. Samples from locations A to E were collected from
November 2010 to October 2011; samples from location F were collected
from February to October 2011.

Water samples (150 ml) from puddles on asphalt roads were filtered
with a 0.22-pm-pore-size polycarbonate membrane (catalog no.
GTTP04700; Millipore, Billerica, MA, USA) and resuspended in 3 ml of
distilled water. After the concentrated samples were mixed with equal
volumes of 0.2 mol/liter KCI-HCI buffer (pH 2.2) for 5 min at room
temperature, they were spread onto glycine-vancomycin-polymyxin B-
cycloheximide agar plates (bioMérieux, Lyon, France) and modified Wa-
dowsky Yee agar plates (Oxoid, Basingstoke, Hampshire, United King-
dom). The agar plates were incubated at 35°C for 7 days in a moist
chamber. Smooth gray colonies were subcultured onto buffered charcoal-
yeast extract agar plates (bioMérieux) and blood agar plates (Eiken Chem-
ical, Tokyo, Japan). The colonies growing only on buffered charcoal-yeast
extract agar plates were presumed to belong to the genus Legionella by
observation of the characteristic outward structures (cut-glass-like or mo-
saiclike appearance) under a stereo microscope with oblique illumination
(23). The detection limit of the procedure was 10 CFU/100 ml. These
colonies were tested using a latex agglutination test kit (catalog no.
DRO0800M; Oxoid, Hampshire, United Kingdom) and slide agglutination
with commercial antisera (Denka Seiken, Tokyo, Japan) to determine the
Legionella species and serogroups. The remaining colonies not identified
by serological methods were examined by PCR with primers for Legionella
genus-specific 16S rRNA genes and L. pneumophila species-specific mip
genes (24, 25). The species of some isolates were determined by sequenc-
ing of 16S rRNA genes as described previously, with a slight modification
(26). Sequencing was performed with an ABI Prism 3130x! genetic ana-
lyzer (Applied Biosystems, Foster City, CA, USA) and primers 27f (AGA
GTTTGATCCTGGCTCAG) and r1L (GTATTACCGCGGCTGCTGG).

SBT. SBT was performed according to the protocol of the EWGLI
(http://www.hpa-bioinformatics.org.uk/legionella/legionella_sbt
/php/sbt_homepage.php), as described previously (11, 12). Novel al-
leles and sequence types (STs) were submitted to the EWGLI SBT
database for assignment. Clonal analyses were performed by using
eBURST V3 (http://eburst.mlst.net). Groups that were generated with
single-, double-, and triple-locus variants were defined as clonal
groups (CGs).

PCR amplification of the lag-1 gene. Genomic DNA was extracted by
emulsifying several colonies of L. pneumophila in 100 pl of 5% (wt/vol)
Chelex-100 solution (Bio-Rad Laboratories, Tokyo, Japan). The suspen-
sion was boiled at 100°C for 10 min and then centrifuged at 20,000 X g for
5 min at room temperature. The supernatant was used as a DNA template.
The primers lag-F and lag-R were used for amplification of the lag-1 gene
(10). The PCR was performed using GoTaq green master mix (Promega,
Madison, W1, USA) under the following conditions: initial denaturation
at 95°C for 2 min and 30 cycles of 94°C for 30 s, 57°C for 30 s, and 72°C for
1 min.

Statistical analysis. The x? test was performed to compare the pro-
portions of Legionella-positive and -negative puddles, as well as lag-1-
positive and -negative isolates, using Microsoft Excel (Microsoft, Tokyo,
Japan). To test for significant differences in the cell concentrations of
Legionella species, the Mann-Whitney U test was performed using R sta-
tistical software (version 2.15.1). A P value of <0.05 was considered sta-
tistically significant.
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Nucleotide sequence accession numbers. The sequence data from
this study have been submitted to DNA Data Bank of Japan (http://www
.ddbj.nig.acjp/) under accession numbers AB811041, AB811042,
AB811044, AB811045, AB811047 to AB811052, AB811054, AB811055,
AB811057 to AB811064, AB811066 to AB811075, and AB811077.

RESULTS

Isolation of Legionella species from water samples of puddles on
roads. Legionella species were detected in 33 samples (47.8%)
fromlocations A(n=4),B(n=5),C(n=7),D(n=7),E(n=
7), and F (n = 3) (Fig. 1). Legionella species were isolated fre-
quently, except in September and October 2011 (Table 2). Among
the 33 positive samples, the concentrations of Legionella species
ranged from 10 to 99 CFU/100 ml in 18 (54.5%) samples, 14
(42.4%) samples contained 100 to 999 CFU/100 ml, and 1 (3.0%)
sample contained 7,520 CFU/100 ml. Even when the mean tem-
perature was <<0°C in January, Legionella species were isolated
from 4 of 5 samples, and 3 samples contained 100 to 999 CFU/100
ml. Furthermore, the isolation rates of Legionella species at mean
temperatures of =20°C (50.0%, 12/24) and <20°C (46.7%, 21/
45) were almost the same (P > 0.05; the x? test), indicating that
Legionella species were detected regardless of temperature. How-
ever, the concentrations of Legionella species ranged from 20 to
7,520 CFU/100 ml at mean temperatures of =20°C and from 10 to
240 CFU/100 ml at mean temperatures of <20°C. The Mann-
Whitney U test revealed that the concentrations of Legionella spe-
cies at mean temperatures of =20°C and <20°C were significantly
different (P < 0.05): the geometric means * standard deviations
(log,o CFU/100 ml) in Legionella-positive puddles were 2.30 *
0.68 and 1.63 * 0.47, respectively.

Among the 33 positive samples in which Legionella species were
detected, L. pneumophila was detected in 26 samples (78.8%), includ-
ing 4 samples at mean temperatures of <0°C in January. Thus, L.
preumophila was also frequently detected in samples from puddles
regardless of temperature.

Serological distribution of Legionella species. We isolated
325 colonies from puddles from the 6 sampling locations. Accord-
ing to the serogroup typing, 234 isolates were identified as L. pneu-
mophila strains. The remaining 91 isolates were examined by PCR,
resulting in 11 additional L. pnewmophila strains. Overall, the
most-prevalent species was L. pneumophila (n = 245, 75.4%),
whereas other Legionella species accounted for the remaining
24.6% (n = 80). Among the 245 L. pneumophila isolates, SG 1
accounted for 25.3% (n = 62), followed by SG 5 (n = 56, 22.9%),
SG 8 (n = 50, 20.4%), and others (SG 2, SG 6, SG 9, SG 3, SG 11,
SG 14, and untypeable; n = 77, 31.4%) (Fig. 2A). Among the 80
non-L. pneumophila isolates, 31 were randomly selected, and the
species of these isolates were determined by 16S rRNA gene se-
quencing. L. gresilensis accounted for 71.0% (n = 22), followed by
L. longbeachae (n = 6, 19.4%), L. oakridgensis (n = 1, 3.2%), L.
sainthelensi (n = 1, 3.2%), and L. waltersii (n = 1, 3.2%) (Fig. 2B).

Distribution of STs and lag-1 genes. We analyzed 62 L. pneu-
mophila SG 1 isolates obtained from puddles on asphalt roads in
comparison with 73 L. pneumophila SG 1 stock strains from a
previous study (22) and 5 isolates obtained from sources other
than puddles in this study (Table 1). The 19 (total) clinical isolates
from sputum specimens were collected from 4 hospitals in
Toyama Prefecture. Among these, 17 isolates were obtained from
17 patients; the remaining 2 isolates were obtained from the same
patient but classified into different STs.
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Legionella pneumophila Isolates from Puddles

TABLE 1 Sequence types and lag-1 gene results of L. pneumophila serogroup 1 isolates obtained in this study”

Date of
isolation Allele no.

Strain Origin Yr Mo flaA pilE asd mip momp$S proA neuA ST Presence of lag-1
'LG1554 PU 2010 Nov 2 3 6 10 2 1 6 22 Negative
LG1555 PU 2010 Nov 2 3 9 10 2 1 6 23 Negative
LG1732 PU 2011 May 2 3 9 10 2 1 6 23 Negative
LG1743 PU 2011 May 2 3 9 10 2 1 6 23 Positive
LG1551 PU 2010 Nov 5 2 22 27 6 10 12 48 Negative
LG1552 PU 2010 Nov 5 2 22 27 6 10 12 48 Negative
LG1553 PU 2010 Nov 5 2 22 27 6 10 12 48 Negative
LG1625 PU 2011 Jan 5 2 22 27 6 10 12 48 Negative
LG1719 PU 2011 May 5 2 22 27 6 10 12 48 Negative
LG1723 PU 2011 May 5 2 22 27 6 10 12 48 Negative
LG1742 PU 2011 May 5 2 22 27 6 10 12 48 Negative
LG1737 PU 2011 May 2 3 18 13 25 5 6 75 Positive
LG1680 PU 2011 Mar 4 10 11 15 29 1 6 89 Positive
LG1729 PU 2011 May 12 8 11 20 5 12 6 118 Positive
LG1550 PU 2010 Nov 2 3 5 11 2 1 6 120 Positive
LG1674 PU 2011 Mar 2 3 5 11 2 1 6 120 Positive
LG1736 PU 2011 May 2 3 5 11 2 1 6 120 Positive
LG1746 PU 2011 May 2 3 5 11 2 1 6 120 Positive
LG1747 PU 2011 May 2 3 5 11 2 1 6 120 Positive
LG1771 PU 2011 Jun 2 3 5 11 2 1 [ 120 Positive
LG1772 PU 2011 Jun 2 3 5 11 2 1 [ 120 Positive
LG1805 PU 2011 Aug 3 13 1 10 14 9 11 127 Negative
LG1604 PU 2010 Dec 2 1 6 15 2 1 6 132 Positive
LG1749 PU 2011 May 2 1 6 15 2 1 6 132 Positive
LG1673 PU 2011 Mar 2 3 9 10 2 1 10 384 Positive
LG1766 PU 2011 Jun 2 3 9 10 2 1 10 384 Positive
LG1698 PU 2011 Mar 2 3 5 10 2 1 6 507 Negative
LG1740 PU 2011 May 2 3 5 10 2 1 6 507 Positive
LG1748 PU 2011 May 2 3 5 10 2 1 6 507 Positive
LG1546 PU 2010 Nov 8 10 3 10 2 1 6 610 Positive
LG1814 PU 2011 Aug 12 9 2 5 27 20 6 615 Positive
LG1679 PU 2011 Mar 12 8 11 10 5 12 6 624 Positive
LG1622 PU 2011 Jan 21 40 43 20 15 26 2 808 Negative
LG1632 PU 2011 Jan 21 40 43 20 15 26 2 808 Negative
LG1768 PU 2011 Jun 2 3 6 15 51 1 6 876 Positive
LG1733 PU 2011 May 2 3 5 3 2 1 9 1186 Positive
LG1735 PU 2011 May 2 3 5 3 2 1 9 1186 Positive
LG1631 PU 2011 Jan 2 3 5 13 2 1 6 1187 Positive
LG1767 PU 2011 Jun 2 3 5 13 2 1 6 1187 Positive
LG1638 PU 2011 Jan 2 3 5 28 2 1 6 1188 Positive
LG1799 PU 2011 Aug 2 3 5 58 2 1 6 1189 Positive
LG1683 PU 2011 Mar 2 3 18 12 35 1 6 1190 Positive
LG1797 PU 2011 Aug 2 3 58 10 2 1 6 1191 Positive
LG1753 - PU 2011 May 2 10 5 10 2 1 6 1192 Negative
LG1739 PU 2011 May 2 10 5 10 2 1 9 1193 Negative
LG1741 PU 2011 May 2 10 5 10 2 1 9 1193 Negative
LG1678 PU 2011 Mar 2 10 5 47 18 5 9 1194 Negative
LG1681 PU 2011 Mar 2 10 9 12 2 5 6 1195 Positive
LG1540 PU 2010 Nov - 2 10 14 3 18 4 11 1196 Negative
LG1730 PU 2011 May 2 10 57 10 18 5 9 1197 Negative
LG1630 PU 2011 Jan 2 23 13 25 18 22 9 1198 Positive
LG1697 PU 2011 Mar 2 23 13 25 18 22 9 1198 Positive
LG1813 PU 2011 Aug 2 31 5 21 18 12 6 1199 Positive
LG1811 PU 2011 Aug 4 8 11 10 11 12 10 1200 Positive
LG1745 PU 2011 May 12 8 11 56 2 12 34 1201 Positive
LG1686 PU 2011 Mar 12 15 11 56 11 12 34 1202 Positive
LG1541 PU 2010 Nov 21 14 29 1 15 29 6 1203 Positive
LG1543 PU 2010 Nov 34 27 56 57 72 29 44 1204 Negative
LG1544 PU 2010 Nov 34 27 56 57 72 29 44 1204 Negative

(Continued on following page)
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TABLE 1 (Continued)

Date of

isolation Allele no.
Strain Origin Yr Mo flaA pilE asd mip mompS proA neuA ST Presence of lag-1
LG1691 PU 2011 Mar 34 27 56 57 72 29 44 1204 Negative
LG1804 PU 2011 Aug 34 27 56 57 72 29 44 1204 Negative
LG1689 PU 2011 Mar 34 27 55 54 71 44 44 1225 Negative
LG1975 CT 2011 Jun 1 4 3 1 1 1 1 1 Negative
LG2051 SH 2012 Nov 7 6 17 3 13 11 11 59 Negative
LG2055 SH 2012 Nov 5 2 22 27 6 10 12 48 Negative
LG1535 PA 2010 Nov 2 3 5 15 2 1 6 973 Positive
LG1757 PA 2011 May 10 12 7 3 16 18 6 138 Positive

@ PU, puddle; CT, cooling tower; SH, shower; PA, patient; ST, sequence type.

Sixty-two L. pneumophila SG 1 isolates from puddles were clas-
sified into 36 STs (Tables 1 and 3). Twenty of the 36 STs were
identified for the first time in this study. The major STs were
ST120 (n = 7, 11.3%) and ST48 (n = 7, 11.3%), followed by
ST1204 (n = 4, 6.5%), ST23 (n = 3, 4.8%), and ST507 (n = 3,
4.8%). Twenty-four STs were represented by only a single isolate.

Puddle isolates of ST120 were detected in samples from loca-
tions B (n = 2), C(n = 1), and E (n = 4), and puddle isolates of
S$T48 in samples from locations A (n = 1), B (n = 1), C (n = 3),
and D (n = 2) (Fig. 1). Furthermore, ST120 and ST48 strains were
isolated during 4 (November 2010 and February, May, and June
2011) and 3 (November 2010 and January and May 2011) differ-
ent months, respectively.

PCR amplification showed that 59.7% (37/62) of L. pneumo-
phila SG 1isolates from puddles harbored the lag-1 gene (Table 3).
Among the isolates belonging to ST120 and ST48, which were the
major STs of puddle isolates, the Jag-1 gene was present in all
ST120 isolates (7/7) and was missing in all ST48 isolates (0/7).

Clonal analysis. Clonal analyses were performed using L.
pneumophila isolates obtained from puddles on roads (n = 62),
public baths (n = 51), cooling towers (# = 5), showers (n = 3),
and patients with legionellosis (n = 19) (Table 4). The puddle
isolates formed 2 major CGs, CG1 and CG4, which included

7 T
RSN o5 \5
}j A% o {
o f
) -
é AU
9 ﬁ//
Toyama Prefecture

Japan

FIG 1 Locations of the 6 fixed points for sampling from puddles on roads.
Sixty-nine samples were collected from the 6 locations as follows: A (n = 12),
B(n=12),C(n=12),D(n=12),E(n=12),andF (n =9).
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58.1% and 8.1% of puddle isolates, respectively (Table 4). On the
other hand, bath isolates formed other CGs, CG2 and CG3, which
included 49.0% and 25.5% of bath isolates, respectively.

Among the 14 STs of clinical isolates (n = 19), 4 STs (ST120,
ST132, ST384, and ST507; n = 6) and 3 STs (ST138, ST505, and
ST644; n = 6) were also detected in isolates from puddles and
public baths, respectively. The remaining 7 STs (1 = 7) were de-
tected in CGs that included environmental isolates, although the
same ST was not observed in the environmental isolates. CG1,
CG2, CG3, CG4, and CGS5 included 7 STs (ST120, ST132, ST353,
ST384, ST506, ST507, and ST973), 3 STs (ST2, ST502, and
ST644), 2 STs (ST505 and ST682), ST42, and ST138, respectively.

DISCUSSION

We investigated the prevalence of Legionella species isolated from
puddles on asphalt roads and the genetic relationships between
isolates from sputum specimens and environmental sources. Six-
ty-two isolates of L. pneumophila SG 1 from puddles were classi-
fied into 36 STs by SBT, with ST120 and ST48 being the major ST's;
strains of these 2 STs were widely distributed in Toyama Prefec-
ture regardless of the season. Although ST48 environmental
strains were primarily isolated from soil and partially from cooling
towers, as reported previously (27), ST120 environmental strains
were not mentioned either in the previous report or in the EWGLI
SBT database as of 27 February 2013. On the other hand, ST120
clinical strains were detected in 5.8% of isolates from patients with
legionellosis in Japan, although the sources of infection remain
unclear as determined by epidemiological investigation (9). It was
not described whether isolation of L. pneumophila strains from
environmental sources, including water from puddles on roads,
was carried out or not in these cases. Our results showed that 1
clinical strain also belonged to ST120. This strain was not associ-
ated with bathwater as determined by epidemiological investiga-
tion. Furthermore, isolation of L. pneumophila strains from other
environmental sources was not carried out. Thus, the source of
infection in this case was not clarified. Hicks et al. reported that a
1-cm increase in rainfall was associated with a 2.6% increased risk
of legionellosis (28). Furthermore, Fisman et al. identified an as-
sociation between legionellosis and increased humidity (odds ra-
tio per 1% increase in relative humidity of 1.08, and 95% confi-
denceinterval of 1.05 to 1.11) 6 to 10 days before the occurrence of
legionellosis cases (29). Therefore, our findings suggest the possi-
bility that patients with legionellosis caused by ST120 strains may
have inhaled splashed aerosols from puddles contaminated with
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Legionella pneumophila Isolates from Puddles

TABLE 2 Distribution of Legionella species from puddles on roads in Toyama Prefecture, Japan

No. of samples (no. with L. pneumophila):

Geometric mean * SD (log,,

Mean Legionella With CEU/100 ml of: CFU/100 ml) in Legionella-

Yr Mo temp (°C) Analyzed positive 10-99 100-999 >1,000 positive puddles
2010 Nov 11.4 5 4(4) 4(4) 0 0 1.3 £03

Dec 10.4 5 3(2) 3(2) 0 0 14 £03
2011 Jan —0.6 5 4(4) 1(1) 3(3) 0 2.0*0.1

Feb 9.0 [ 5(5) 4(4) 1(1) 0 1.6 £0.5

Mar 11.5 [ 4(1) 3(1) 1(0) 0 1.7 =05

Apr 15.0 6 1(0) 1(0) 0 2.4

May 21.2 6 4(4) 1(1) 3(3) 0 19+ 04

Jun 32.2 6 2(2) 1(1) 1(1) 0 1.8 £0.2

Jul 31.0 6 3(1) 0 2(1) 1(0) 32%05

Aug 26.2 6 3(3) 1(1) 2(2) 0 22 =05

Sep 18.0 6 0 0 0 0 Not measured

Oct 16.4 6 0 0 0 0 Not measured
Total 69 33 (26) 18 (15) 14 (11) 1(0)

this strain. The fact that all ST120 isolates in this study harbored
the lag-1 gene, a tentative marker for clinical isolates, supports this
hypothesis. Alternatively, patients with legionellosis may be in-
fected indirectly through a puddle route. In this regard, driving an
automobile using windshield wiper fluid without added wind-
shield washes that usually contain biocidal agents like propranolol
has been reported as a newly identified risk factor for the disease
(30), and L. pneumophila strains were actually found in wind-
shield wiper fluid without added windshield washes (31). So, au-
tomobiles may be contaminated with L. pneumophila strains orig-
inating from puddles due to splashing. To date, Palmer et al. have
not reported the STs of the isolates from windshield wiper fluid.
The lag-1 gene was prevalent in puddle isolates (59.7%).
Among the L. pneumophila SG 1 isolates in Toyama Prefecture,
100% (17/17) of clinical isolates and 43.1% (22/51) of bath isolates
harbored the lag-1 gene (J. Kanatani, J. Isobe, K. Kimata, T. Shima,

SGl1
1.2%

SG 14
1.2%

SGS
22.9%

SG8
20.4%

n=245

M. Shimizu, F. Kura, T. Sata, and M. Watahiki, unpublished data).
The frequencies of the isolates harboring the lag-1 gene were not
significantly different between isolates from puddles and public
baths (P > 0.05, X* test). In Japan, the number of legionellosis
cases peaked in July, the second half of the rainy season (32, 33).
To elucidate the possibility that splashed aerosols from puddles on
aroad, as well as public bath water, are a probable source of legio-
nellosis, we need further investigation of the virulence of these
strains by a combination of molecular typing profiles such as SBT,
lag-1 allele typing, and monoclonal antibody subgrouping (9).
Among the 14 STs of clinical isolates (n = 19), 4 STs (ST120,
ST132, ST384, and ST507; n = 6) were also detected in isolates
from puddles on roads, suggesting that 33.3% (6/18) of patients
(6/19 of clinical isolates) may be infected directly or indirectly
through a puddle route rather than a bath route. As with the case
of the ST120 clinical isolate, the infection source of the remaining

B L. oakwridgensis

3.2%

L. sainthelensi

L longbeachae
19.4%

L. waltersii

L gresilensis
71.0%

n=731

FIG 2 Distribution of Legionella species from puddles. (A) Frequencies of serogroups among L. prneumophila isolates. (B) Frequencies of Legionella species

among non-L. pneumophila isolates identified by 16S rRNA gene sequencing.
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TABLE 3 Sequence types of L. pneumophila serogroup 1 isolates
obtained from puddles on roads in Toyama Prefecture, Japan

No. with indicated result for

No. (%) of lag-1

ST? isolates Positive Negative
120 7 (11.3) 7 0
48 7 (11.3) 0 7
1204% 4(6.5) 0 4
23 3 (4.8) 3 0
507 3 (4.8) 2 1
132 2(3.2) 1 1
384 2(3.2) 2 0
808 2(3.2) 0 2
1186° 2(3.2) 2 0
1187° 2(3.2) 2 0
1193% 2(3.2) 0 2
1198% 2(32) 2 0
Others® 24 (38.7) 16 8
Total 62 (100) 37 25

“ ST, sequence type.

b The ST was identified for the first time in this study.

¢ Fifteen of 24 ST's were identified for the first time in this study, and each was presented
by only a single isolate.

5 clinical isolates also remained unclear. For the identification of
unrecognized sources of legionellosis, in our opinion, L. pneurmo-
phila strains should be isolated from clinical specimens and vari-
ous environmental sources, including water from puddles on
roads, and analyzed by molecular typing methods such as SBT and
monoclonal antibody subgrouping (9).

In samples from puddles, L. pneumophila SG 1, SG 5, and SG 8
were frequently detected. In those from soil, among 87 L. pneu-
mophila isolates, SG 1 accounted for 42.5% (n = 37), followed by
SG8(18.4%, n = 16) and SG 3 (16.1%, n = 14), although SG 5 was
not detected (J. Amemura-Maekawa, K. Kikukawa, ]. H. Helbig, S.
Kaneko, A. Suzuki-Hashimoto, K. Furuhata, B. Chang, M. Murai,
M. Ichinose, M. Ohnishi, F. Kura, and the Working Group for
Legionella in Japan, unpublished data). Furthermore, 31 of the 36
puddle isolates belonging to CG1 revealed the same or single-,

double-, and triple-locus variants of STs derived from soil (group
S1[27]) and 3 of the 5 puddle isolates belonging to CG4 revealed
triple-locus variants of STs derived from soil (group S3 [27]).
These results showed that the isolates from puddles and soil were
genetically and serologically close to each other. However, the
only common STs detected in samples from both puddles and soil
were ST22 and ST48. To elucidate the habitat segregation of L.
preumophila strains in these environments, further investigation
of isolates from puddles and soil is required.

In this study, Legionella species were isolated even at low tem-
peratures. In this regard, Séderberg et al. reported that L. pneumo-
phila strains could survive in tap water at 4°C for about a year,
while a gradual decline in the number of CFU was seen (34). Al-
though Legionella species were not detected in puddles during the
last 2 months of collection for this study (September and October
2011), 4 of 6 puddles regained positivity for L. prneumophila
and/or other Legionella species 2 months later (data not shown).
Thus, Legionella species, including L. pneumophila, were distrib-
uted in puddles regardless of the season. A previous study in met-
ropolitan Tokyo reported that the isolation rates of L. pneumo-
phila strains from puddles increased with increasing mean
temperatures and that L. pneumophila SG 1 strains were the most
frequently isolated (20). Because L. pneumophila was frequently
detected in samples from puddles, the possibility of contracting
legionellosis in daily life should be considered. It may be impor-
tant to recommend that individuals who are immunocompro-
mised or elderly wear masks to avoid acquiring the disease, espe-
cially during the warm rainy season. Among the 5 other Legionella
species detected in samples from puddles in this study, to the best
of our knowledge, L. longbeachae, L. oakridgensis, and L. sainthel-
ensi have been isolated from patients with pneumonia (35-37)
and L. waltersii DNA was identified in a patient with pneumonia
(38). Thus, these species may also be important in the etiology of
community-acquired pneumonia.

In conclusion, ST120 environmental strains were isolated from
puddles on an asphalt road for the first time in this study. Further-
more, 33.3% of patients with legionellosis in Toyama Prefecture,
Japan, may be infected directly or indirectly through a puddle
route. Our findings by SBT analysis suggest that puddles on as-

TABLE 4 Distributions of clonal groups from 74 sequence-based typing profiles of L. pneumophila serogroup 1 isolates in Toyama Prefecture,

Japan®

[¢) 1 = -
CG (total no. of STs; No. (%) of isolates (n = 140) from:

ST(s) detected in both clinical and environmental

no. of isolates) PU PB CT SH PA isolate(s)? (no. and sources of isolates with ST)

CGl (25;46) 36 (58.1) 1(2.0) 0 0 9(47.4) 120 (7 from PU, 1 from PA), 384 (2 from PU, 3 from PA),
507 (3 from PU, 1 from PA), 132 (2 from PU, 1 from
PA)

CG2 (15;28) 0 25 (49.0) 0 0 3 (15.8) 644 (4 from PB, 1 from PA)

CG3(7;19) 0 13 (25.5) 0 1 5(26.3) 505 (5 from PB, 4 from PA)

CG4 (6;6) 5(8.1) 0 0 0 1(5.3)

CG5 (3;5) 0 4(7.8) 0 0 1(5.3) 138 (1 from PB, 1 from PA)

CG6 (4;4) 1(1.6) 3(5.9) 0 0 0

CG7 (2;2) 1(1.6) 1(2.0) 0 0 0

CG8(2;2) 0 2(3.9) 0 0 0

Singletons (10; 28)" 19 (30.6) 2(3.9) 5 2 0

Total 62 (100) 51 (100) 5 3 19 (100)

“ CG, clonal group; PU, puddle; PB, public bath; CT, cooling tower; SH, shower; PA, patient; ST, sequence type.

b Singletons include 10 STs that are not grouped into any CGs.
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phalt roads serve as potential reservoirs for L. pneumophila in the
environment, which could increase potential opportunities for
exposure. To identify unrecognized sources of infection in legio-
nellosis cases, we need to isolate L. pneumophila strains from clin-
ical specimens and various environmental sources, including wa-
ter from puddles on roads, and to analyze these strains by a
combination of molecular typing techniques and epidemiological
investigation.
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