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Application of Microcolony Method Combined with Direct
Fluorescent Antibody Staining for Bathing Facilities
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Abstract

Legionellosis have been steadily increasing and the main source of contamination is
considered to be water from bathing facilities and spas in Japan. To prevent of the
outbreaks of Legionnaires’ disease, rapid detection of active Legionella pneumophila followed
by the appropriate disinfection were essential. Therefore, we applied the microcolony-
fluorescent antibody (MC-FA) method for rapid detection of active L. pneumophila for water
hygiene management in bathing facilities. Two bathing facilities, MC-FA method allowed
rapid detection of active L. pneumophila (within 48 hours). Furthermore, active L. pneumophila
was detected by MC-FA method even in the point where no active cells were detected by
the culture method after cleaning. These findings suggest that this MC-FA method could
be useful as a rapid monitoring technique of L. preumophila for the prevention of
Legionnaires’ disease outbreaks.

Key words : Hot spring water, Legionella pneumophila, Proliferation activity, Rapid method,
Cleaning, Water hygiene management
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L0, PEROEAET: L IZIZFESEO/BREEN B IFHTELIENTE. 2512, EkoRk
&T@@&T%&#otﬁﬂmﬁwféb?i%?i%%@&ﬂ%f%ot.it,b?%%
FBH ORI, WERSIEFICHRNTHL L, LT/ 7 nau=—iothifk: 2 H
W5 ET, v/%x7iﬁﬁﬁfb@?wm%&& T S W 21T L CHRE R EH 2 M
WIBEBNDE Z EDbholz. RFFIZIREMZ ORAEBMAY 2N 2 BURO RN 28R L,k
BB EWEETLHDOTHY, LIFTATIEDT T M7 LA 7ok, S 523X )20 -
REBMBOMRICKELSHMRTELEEZONS.
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1. FUC&IC

Legionella pneumophila %, V2% 3 FIEDFPFME & LTHMSNTBY (Fields et al., 2002),
1976 4FEICT AU A« 74 FTFNT 4 T TRRADOL V4 R FTIHEDEFES SNz —) v 7
» 7 —% & LT (Brenner et al., 1979 ; Fraser et al., 1977), WK ¥ ¥ U — 7 LK &2 P fd
AT 2RI BNT LR LIRBBIICHEL, LIFATREDT 7 T LA 7 %5|&RILTWS
(Steinert et al., 2002 ; Borella et al., 2005 ; Leoni et al., 2005 ; Wery et al., 2008). Z D545
WZAELA WL TB Y (BIGEE#RE v 5 =), LIFT A TBRIGENOHLAHE > Twb. HARIKZ
BWTE, REVZ SRR 7 & AR 2 PO HREFH AL (KNS, 1995 85K 5, 2002 ;
dA S, 2004 5 Rl 2005 5 S, 2004 5 HEES, 1999). 2O X9 Ll TIE, TNMEESEO
ABABT B 72DIEFEGEABI N R, EELFRLME SN TS (FHES, 2003 MH
5, 2005 ; Kura et al., 2006).

LI R TREFFED ) A 7 OWIKIIL, Hiix 0@ 2 HEREHI RO ERTH Y, 207200 )
WELT, VIAATREOE=ZSY ) Y7 %ATH) 2 8I2LD, HMoORBEEZWER R, -
HEBEREOMEEZELL LD TEIE, VIFARTHEDOT 7 VT LA 7 2 RRCHIETE L 2%
Ao,

L. pneumophila DM ZFEELEZ LI ONTWED, EXES ETIZ7~10 H M 2%
b, ZNTIE L. pneumophila D¥GIMAMER S N7-BBE TR ZH L2 LTH, FENICLLT
MR H 5. £2C, RAEZNEENPLELINTBY, LY ATHIEIREE 3 (MBEAY
VEBEBE LY 5 —, 2009) b)) 75 A4 A PCRENLBENG 7 EBIZT 2N & L2k
bHWSNILoDH 5 (Wellinghausen et al., 2001 ; Solhang and Bergh 2006). 7z, ftRoV 7
% 4 & PCR EETIZWEETH - 72 L. pneumophila DEFEZ HIR$ 572012, oL EZ2IREL L
PG & s (Delgado-Viscogliosi ef al., 2009) 7% &, [HETWA | L. pneumophila % Ht
ALEEMEDSH L CECTWD, Z TR TIE, HIETEZ I & L7/ otk cd
A4 r7uau=—EREH L. YA 7000 — L 3ERREET LI LIV BRSNS K
FSZHE L8t yum BEOHMMZan -0 L THY, Zovfruan=—2RHENEET S
L THlEORBRICHR TR ERMPEMRTE, REBRHATREE %2 %5 (Rodrigues ef al.,
1988). F 7z, WEHIIIAIRTHECTCEI2RKEZ0a0=—RBER LAWY, vfruan=—
FCRKTELMAEANL L GEHETHIENPHL IR > TS (Kawai ef al., 1999 : B35,
2007) ZEn, XD EHELHRIMDTREE 25, S OICAKMIETIE L. pneumophila \ZHFHH 72
HEPUE A G DR~ A 7 uan = —d0otHiREZ W T, TR OMERE B~ H %
To7z.
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2. A pr

2.1 EFEHER

WA KEENZ 2004 4F 11 J~2005 4F 12 A1, JHEATm L AR (HEiE A) B X O sR =
(fif% B) @2 fifklcB VT, ERAiBOBHEKEZRE L7279 AF v 7 R MVICERIL 7. &H
BAL AL, FARRREBLOYA 7030 = —S0RHUREIC XY L. preumophia ¥a Mg L
7=

2.2 IEHEXICED L. pneumophila BDAIE

WP X D L. pneumophila BOMWZEIZ L VF 2 FRENIETRICHE L TB I o720 %500
mL ZfLE02um OFRY) A—FA— b T4 VI —THMLA. 74 V¥ —% 5mL O HERERKIZ
BEL7z0b, 50T, 30 0BTV, kL Lz, 215 % AMIREKIC X o TR L,
WYOq ZERBEHIZ 100 ul $OWKEL, 37CTT7 HMEERE L2, R L-ao=—2F81L, KA
AR I —%MH L, FME/BCYEa ERF M 1T, 37CT2 HiK:38 L7z, BCYEa %X
Bl ORI L, IR CRIE L e o 72T 0 = — 1200, L PG R TRIEMR (F v bk
W) ZHOWTEERSZEBEL, LY ASMEREZRELL.

2.3 YA /O30 —8EREKICKLS L. pneumophila BDAIE

<A raaas —WEHUREIC X B L. preumophila BOWEIZH 72 o Tld, B F TlaHEE
HEEMBRIAT o 72 BULEE A B S ImL 2L 02 um OILT VI =Y 2B/ T L T ¢
V% — (ANODISC 25, Whatman) TA#L, MEz 74 Vs — LIZHi%ELZ. 7105 —% 5
W% FI2L T WYOa ERE M FICHHE L, 37C T4 L. Z0H% 4% SV AT VT
FERRAEFEIAMEIZT 4 VY —% 3050 HiE L, MEEZEE LA WEKEAAEET
AN T 4 vy — % 10 rHIEHE L Cieis L, B2 L7z, s0thiikae v gt L7z,

#GPUKRIE FITC-labeled anti-Legionella pneumophila sgl-14 antibody (Monoclonal technologies
Inc., GA, USA) w7z, 10 ul o8Pk % 3% 7 v 7 3 Y iE (BSA) #&H L7z V%
il (pH7.2) TE00uL AL, AF5A4 FF I A RICREEEZHFL, ZOLEIZT4VE —
ZHHEL, N7 F v yN=NT30C, 300MEHE L. 71Ny —% ) ¥ EBREHER T Rhib
FHAMEICRL, WITTI5oMEEL, kL. AMTRD LK EZRI LM, HOLHE
8% (E400, Nikon) %MW €, FHBHEL T TR L7 FHECH 2o Tid, 20 BB ZFIEL
o (ARG, 2009). iz, FHEECIHBES VO~ 4 7030 =—BoOFHHEI2UTFE %>
AR, 74V F = EEEL 7.

3. & S

<A 7 uan = —H#UHREE T, KR O L. preumophila % Wellh U 7z SOGBH MBS 15
% Fig. 1I\IR L7z, M4~48 MR EZ4TH) 2 LX), HE20~50um BEOYSf 7nan=—
WK S N7z (Fig. la). #HEUIRE (too numerous to count : TNTC) & Z-72H1k, (70
au = —[REAEE L, I —HIZ L. prewmophila DIEDS>TH Y, WHMIEE L HMT 5 S
L3 c&7z (Fig 1b).

2HEFRIZBNT, BREBIO~Y A suau=—ikxHWT, L. pneumophila 7% P L 7255 F
% Table 1 B XU Table 21Z/R L7z, gk A Tld, E550THETLHERB I OMAM O T K
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Fig. 1 Fluorescent microscopic images of microcolonies of Legionella pneumophila.
a : microcolonies of L. pneumophila in bath water samples. b : TNTC (too
numerous to count). Scale bars : 50 micrometer.

Table 1 Quantification of L. pneumophila in hot spring water samples (Bathing facility A).

Sampling point Temperature  pH Colony-forming ~ Microcolony-forming
[ L. pneumophila L. pneumophila*
(CFU/100 mL) (mCFU*/100 mL)

Source Source 60 7.3 ND* 0
Ground water* 17 77 ND 0
Before cleanning
Indoor Bath a 42 74 10 22
Bath b 42 7.3 ND 0
Bath ¢ 41 74 70 9
Bath d 42 7.2 ND 8
Open air Bath e 42 7.5 ND 9
Bath f 40 76 10 7
Wooden bath 41 74 40 7
Ceramic bath 41 7.3 40 2
After cleanning
Indoor Bath a 42 7.5 ND 0
Bath b 42 74 ND 3
Bath ¢ 41 75 ND 0
Bath d 41 74 ND 0
Open air Bath e 41 76 ND 5
Bath f 42 74 10 6
Wooden bath 41 7.3 ND 3
Ceramic bath 41 7.2 ND 0

: Means of two replicates.

* . Microcolony-forming units.

* . Used for tempareture control of hot spring water.

*: Under detection limit (10 CFU/100 mL).

S L. pneumophila \FHH &N o7z (Table 1). L2L, ERETOBRKD S 138 EB
IO~ A r7uan=—@g2 XY L. pnewmophila B SNz, —F, EwEirHo2&I2&y, L.
pneumophila I L, FEBEICBWTENEZRE, MBS ah o7 LA LEYBSHEREIC
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Table 2 Quantification of L. pneumophila in hot spring water samples (Bathing facility B).

Sampling point Temperature pH Colony-forming Microcolony-forming
(C) L. pneumophila L. pneumophila™
(CFU/100mL) (mCFU*/100 mL)
Source
Tank 60 7.3 0 0
Before cleanning
Filtration system — — 1.6x 10" TNTC*
Maifan stones* — — 25% 13*
Inlet to bath a 42 8.7 14x10° TNTC
Inlet to bath b 41 8.6 9.6 x10° TNTC
Indoor Bath a 39 88 88 x10° TNTC
Bath b 40 89 79%10° TNTC
After cleanning
Filtration system — — NT* NT
Maifan stones™ — — ND* 3®
Inlet to bath a 41 8.7 ND 3
Inlet to bath b 41 88 ND 0
Indoor Bath a 40 88 ND 1
Bath b 40 88 ND 1

*1

: Means of two replicates.

**: Microcolony-forming units.

* - Too numerous to count or over growth.

* - Filtering materials of filtration system.

: Bacterial number on maifan stones (CFU or mCFU/g maifan stones).
*: Not tested.
*" - Under detection limit (10 CFU/100 mL).

BT, BRETHRHEINZVICOEDLLT, v 70an=—FETRIMENZABRD D, JFIC
BAMIERE SN BIIBWTZOBNSEHE TH - 7-.

Jiik B T, BAFE R L. pneumophila O¥EMAFERDO S, BTAELZIT TR, AT ATABIY
HWEMTHHEHAD S BREFETI00mL H720, 10°~10'CFU 2% 7z (Table 2). —
., A rzaau=—ETIE, L preumophila A% § X 5 7205 A EE (too numerous to
count : TNTC) & 7% -7z, 7272HICHE VY, WRWHL EOWERELITI T & ICL DE#ETIE
MIBEINBL o/, ¥4 7ua0=—ETIE, ZHRAOAREBHENORAL BLOHHEIIBWT
BB nhs, L. pneumophila H3WH 7z,

4. % =

Jia A BERPTRLTH Y, BROMED 60C EEmnwI &5, BRTIE L. preumophila
BRI ST, SOMAKHOH TR BMIESN TV WIZHBbL LT, il ot S h7:
(Table 1). 2%, TR LIKNTHo T, PREELBOAVPABTLILICLY, HErs
LIOFATHREATNDTREDRD D, TOHOMHOMIFEIVNEETHL I Wb rdb. %
B2, AR X0 7BOFAREDSL L, 1ELREEZANLTRHLATN TV LWL
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ZBbND. RIiFFIIBWTIE, BHERIHEKREZRE, HLEZ2d bW IEREMELTEY,
f%%fﬁb:ﬂi%%(if & L. pneumophila \IHRM I NG o7z, LHALE05, Mwfizdiend
OO A4 7uan = —wiikE TR SN R B S S -2 s, HETEEE DO L.
preumophila D3EFR L TWDH I ENbh o7z, 5102, BREERLHEL 2 &R LIS WETT
ZOBAEHETH DL Z Lbh oz,

JER% B ISR Z IR - EBRLCEBY, SoIHERHEREMEZ B - 72729012 L. prneumophila ®
BERBMAGZRI L7z, RERSEREHREIT) 2 LICXD L pneumophila iR s <
o7z, Mgt A LFERIC~Y A 7 uan=—TIEMiBE N7z (Table 2). FRICHE~OH AL
POBBINTVE Z Ehn, TEBREMANIEDHEEM 2 SICAEKR L TOW LR H 0, FERIC
DGR D—DTH B EHAID L. pneumophila 3 EFR L T 7z,

COEHITVIFATERIEDY) A7 L5 L. pneumophila WAL EEL2D12E, RIEE
PR EEPORRNTH L I Wb orz. ZRICIMNMAT, ¥4 7 0o =—dbthifkgis &
FEEHNLZEITLD, (H?ﬁ@iﬂ%’?’ﬁﬂ&@ﬁfifr’ﬁﬁi%%ﬂﬁ&?ﬂlk’i’lﬂl_ WA ENTE
L. i, KREFHEBE T4V — RICRMT A2 LIS DRIBRA R L TE 5720, KT
MO RS (10CFU/100mL) MATF & 22 REHCBWTH MM ETH 5. AFEICBWTIE, <A
uan = —H#RE TR I NG TR, BEETORILI N 2wz en, Rikz AFEH
DIHDOE=ZSY) Y 7FEELTHVLIEIZE), LIFATIEDRIED) A7 2K TELLH
Abhb.

5. £ & ®

~ A4 7 uan = —EEHUREEIZIRR R B S EEZ L. preumophila DRHE=F ) »
FHEELTHATH Y, BREEMED LOKENHL I L0 b, ik 0)1%&17&&%%5@3@43(%%
ANCHUBT A ZENTEL. LIYFTFFERIED ) A7 2 FiF 57201213, 5% & OMEFE A
VHTHY, ZOBIIIEREORBIELTH S, Mk W@k@io&%% L. pneumophila
PHEHET LD, HHWI iﬁiﬁ%b”?@‘b\@f)"&?ﬂ?’%b“(:&< L, MERREMAE TS LTHEETH
LI END, ATFEFHERESNSHTLZ 12X, BERZFOLEHEOMBICEHRTE 23
DEEZLND.
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