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L. pneumophila ; g SH A - A3 <
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5 1 0 4 1 1 0 0 0 0 7
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7-14 1 4 11 1 4 3 1 4 3 32
L. anisa 0 0 0 0 0 0 0 1 0 1
L. bozemanii 0 0 2 0 0 0 0 0 0 2
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L. sainthelensis 0 0 1 1 0 0 0 0 1 0 0 3 6
Z ok 0 0 0 0 2 0 0 1 2 0 2 0 7
& it 9 6 14 2 5 0 2 11 18 20 18 11 116
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FTI0'CFU LAED 6 38 (2.9%) & -7z

BHEEHO7 — 2 FI0RFRIOCRT EBD,
REEE33.4x10'CFU/100m]l T&H D, 106LiE
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B = 153 47 (30.7)

& 154 45 (29.2) 4. BRKkpoL A5 BEHK

Pl 78 20 (25.6)

t B 42 13 (31.0)

m H 42 12 (28.6)

Ul - b 84 22 (26.2)

& = 710 204 (28.7) £9, BRAKCBIIELVF%5BED pH SIS0 EIRIT

' pH HEEEE SRR 90

£7. NBEBERITBI B L U4 x5 BESEED 53.0 41 2 (49

- : — _ . 3.1 ~ 59 38 13 (34.2)

FHEUZET HeEERH SR (%) 60 ~ 75 391 112 (34.9)

A & 447 137 (30.6) 76 ~ 85 242 66 (27.3)
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RS, BRAMLEYZFLOMBICLZ L YA FSBESBEOLE
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7N = 2Pl o N SRl (0

27 A HEEEE SRR (%) 7 = 5 E T+ EERE
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%10. L. pneumophila BEME b - 12 105K

No. BREGSAT v X7 A pH E¥ (CFU/100mb MmAEe REL
1 AN & BRI 7.5 3.4x10" 5 RBOKRER
2 A & ERK 7.0 1.4x10" 6 Btz
3 M B AFwL 7.3 1.3x10° 8 BiLR
4 ] L 8.5 L1x10° 8 mER
5 A & Em 6.2 1.0x10* 4,10 BRER
§ B X it L 7.1 9.6x10° 9 gitmR
1 n B L 6.9 8.0%x10* 9 EiR
8 % K BB 6.4 7.2%10° 11 TR
9 M & BEEX 7.0 6.7x10° 9 B R
10 R BE 7.7 5.0%10° 3.4 BERER
DEBHI36.2~850 P SFFT A VHETH - £11. BRALSHEShL YL XS BE
7o T, RBEEEMMRSL rFITHEGZL, B O OB (%)
s = . L. pneumophila
WREIRDS 2 ”ﬁfé? 7o mEeE 1 54 (215)
PlEok iz, BfddDTwbon, HEAZH 2 0 (0)
DEFKICREL VA2 IBENEBLTVWS Z gg Stl)g
ZEDHIBAL 1o, 5 39 (155)
6 31 (124
7 1 (04
32 BRI OHEEINLZLSARSER ; i’ gjg
DEERER ' 10 % (10.0)
LESH OB RK204508 5 58X #172251 n g g gg
BROL YA R IBERERINCRT EBD bERE 13 3 (12
IKREES N, B ThbxbEHEICEIESNK ii ? E84§
B3 L. pneumophila TH VD, 2458k (97.6%) L. birminghamensis 1 (08
e . . L. bozernanii 2 (08
i, FOMBEHIICBEWTE, 18454 L. dumoffii 1 (04
B (21.5%) E®mHE L, T H B39 (165 L. micdidegr 2 ( 0~8§
. v & 3 251 (100.0
%), 6BEDSIIEK (12.4%), 4BEH20F (11.6%), (
3 EEAI268E (10.4%), 10BEM325%k (10.0%) T
Hofie TOEMTH TE, 8B, O, 11, bozemanii & L. micdadel 3% 2 ¥k (0.8%), L.
128f, 138, 1GBFICERUB SEBIE N, birminghamensis & L. dumoffii 78 & 1 ¥
2B 4B L BROFRRIS NS o fe, 0.4%) TH -7
L. pneumophila A ICEE SN/ EETIE L. ¥ 7o, B/HUEL I & L. pneumophila O IMiEF
®12. BRKD> 558 &Nt L. pneumophila ORI ME
e L. pneumophila MIiEEE -
sl 1 3 4 5 6 7 8 s w0 1z 1 1 o
JrimE -3 0 1 8 1 0 1 0 9 0 0 0 0 14
B i 7 3 2 5 1 0 1 2 7 0 1 0 1 30
) 12 8 13 11 8 0 5 4 72 2 0 0 72
g # 15 6 9 11 4 1 1 1 5 1 0 2 0 56
i 4 3 2 2 2 0 0 1 2 3 1 0 0 20
& E 5 1 1 2 3 0 0 1 0 0 0 0 0 13
= 2 2 1 0 5 0 4 0 0 0 0 1 0 15
LN - B 6 3 0 2 7 0 0 3 9 0 2 0 0 2
& gt 54 26 29 39 31 1 12 12 25 8 6 3 1 245
* L ERE
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BRSMIRIRAERIZICR LI, $Hbb, Jhis
BT HE, RILTIE IBEI108, BEETRL
B, AWBIUCOE, hEfTd 18L& 58, %
SHETIZ 1R, WETIE6EEE 88, SN -
BHTE TR 1B E 6B ThEL NBEs NS
R TH - 120

E 5T, BHEEHE»BEZ» - 210880
L. pneumophila DIFEEHITH 5 &, 9E 3
L ABEE 6EIR 2K, 3B HEE 8E
WEBLUCUESE 1EBTHY, MEEBNIC
K B S ERNIZA SN - o (310D,

4. L. pneumophila (2%t 92 KR EAF
DHIE{ER
RGN 3 2 IS Sl RERIEAE F W T
L. pneumophila \citd 2EIEH 2B LT
oo WITIC 2 OBEERT,

41, a—E—*"9

UFEFD o — b —Ho S OMHEERVTT «
27Tk 0 L. pneumophila 28¥RICXT 9 B L
BEIERARS L1, 20OER, §XTDI3—E—

#£13. L. pneumophila <33 3 7 — £ — DIEHR

No. B S TEERE & OH
1 EH 24.4+3.3" 19~32
2 JmyET A 23.4=4.0 16~34
3 EH s 23.1+39 16~30
4 TN—= T 23.1+5.7 12~40
5 T YFY 23.0x=4.2 14~30
6 JurbET7 B 22.7+3.8 14~32
7 ST FwTI 22.524.7 15~32
8 AFva A 22427 17~26
9 A A 22.2%£3.3 17~33
10 75U A 22.2%+3.3 12~29
11 EH e NT— 22.2%5.8 12~38
12 by Yy 21.8+3.5 14~29
13 S AR i 21.8+4.4 14~32
14 ) 21.64.5 14~32
15 FUYywrvvro A 21.4%2.9 16~27
16 FV=vyro B 20.84+5.3 14~34
17 TNT Yy 206+2.6 17~26
18 HY¥ e v v5w 20.4+2.9 14~25
19 T IRF Y 20.3%£3.7 13~25
20 A&+ B 20.1+£2.9 17~28
21 75 U B 20.1%5.1 12~36
29 + N Kb 19.5+4.2 14~30
23 TV RF I Vb 18.6+4.0 11~32
24 aZH YR 16.9%2.3 12~23

* 5 BALEAO XK E & (mm)

n=28%k
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FHERERIOT L TIEER S 0, 2 oiEER
J-b— ORI - TETES -7 (%13),
F7, 7— b —OMEEHOEWIC L DERIEM®
REIZHBLIZEZH, VWHWBEHES LTI
PELEME/NE L, MEGBEPRDO LTS &
bhote, £12, I— bt —OMHEEAEZ TH
fos, PERBE & =R TRIEEEICKER I -
72o EHIT, I OMEERAPHENERS W
BREIEHO LT Np AR T 5 12 DICEREMIC
BRESRBAET-ECA, TRNTOI—E -2
BIEROSED SN, BERETHS T ENHSMN
A A

F/, I—b—IlEENBT O NITF 28,
724 VB, ooy VRO L pneumophila
X d 2IMERRERET T 500, MICE
(B/NEBHEEE) 8L U MBC g (&/NEE
BE) OREEEME I L 2 REEREIT- 12
NS 3IPWEDOMICHEZREETSE, BHMTH
7oA FF B0 MIC, fE (MIC ©I0%E)
H3156.3me/l L& &/NE K, FLETEME A HLECH]
W EMPHEEAL . (K5), &I AA, MBC
ExHBE, 7oA TFBOELIDEAT =
1 VBOEOHEBNEL, A 724 VvEBD
MBC:of (MBC ®90%f&) 13625mg/l THRE
ERE—FEr - (K6), 7oy vBoO
MBC f& i3 MIC B & Rk 2 E & b K&
CTEHREDP T, £, REEBOKER RS

10
0 f ,,‘
90 7 4
& 80 / /I’,'
B 70 -
; 60 / Y,
LI / /.
o / 7 A
9% 40 7
T a0 / -
20 / Lt
10 / £
0 '/"i- — ‘g. L
39 78 156 313 625
MIG (mg/1)

B5. 7=/ —MbEWCET 5 L. pneumophila @ MIC
2Kl
B:orh5+a8 @: 774 Vi,
47 oor v n=08kk
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100 =
¢ s
90 7 v
7 80 t .
®O70 7 /
7 60 7 ,"
it / : /
50 ; ; /
% 40 7 A
30 / i
P R
20 I - /
10 P - ‘
0 & L £ L
156 313 625 1250 2500 5000
MBGC(mg/1)
6. 7=/ —nfbeicet® % L. pneumophila @

MBC %

B 7orhr+a8 & 171V,
A ooy U B

(EmhPsfE @ 8 BefED)

n=28%k

74 VEELBYZERBOSEROREC,
2,500mg/1 TIX10°CFU/ml OHFERED 1 B
‘i3t nia sy, MBC EORIERER%E
Efff 2 Em»B@ES oz, TOLDI, EUE
BRVWEDD, 7o bhT+a8, H7=1
yoo4 vBICE L pneumophila &5 LT
S IERRBEER RS S i,

4.2, =%

HAT BRI AN SN B BE0NE
(Moo B4 — THI28EE A HV T, L.
pneumophila W34 AMEEWZ R Ui, &

=T

9, F 4 RIFEIW LY L pneumophila WX
LHEEEERFENILEA, TANY =) =7,
aEvE—Y, LEVN—L, SN—3VINEE
20FERE (78.6%) D — 7 THIFMEMED 51,
L. pneumophila \ox3 %/~ — 7 OHLEEVEASER
ST - T, BRI, VRO — TSGR
ZRUI, B, N—7HEEOEBELALT L T
BEEBTIT--REIAH, »~—7& L
pneumophila 13 UTHRENICERL, £ D7
MEIZEERTHTH - 7o RERMII0%TH -
o= T OERFREHEA B L, REFVHOD
R =N ERHRDZIGRET, KRIZD
EVIALDETH > (K1), oI, L
B » 72 v VR D v — 3 v b,
- VBLUaEYS M LOHBKEETD L.
pneumophila OREBHEEELZRE L&
A, WIFNOAN—T7TH10°CFU/ml OEEER
3 iR S 12 Bt a nia (-
foo TO&IWE, N=TEEHHETEEVEDOD
L. pneumophila \oXf L CREEH 2R L 720

S

4.3. PrERR” :

T, BRA A& THIRS N TV B TRER D
L. pneumophila ioXd 2 TLEINEEMET L 12 .
HETEER 16T E D 5> B 11FEHE (69%) 1oxf L
TISHIETR AR 268k T X THBAR A FHIEN 272
L, BeZHTH -7, B, BERRICL - THE
MOKE SHEL BERIBD SNf, WHTD,

#F14. L. pneumophila i<xtd 5 — 7 OREDHR

TR

\ N T 2 K+

No. # 7 PR 0 X7 vy <8 %16

1 R 1) - 26 26 (100) - 26 (100) 26 (1000 26 (100) 26 (100)
2 NA KRB A 15 15 (100) 15 (100 15 (1000 15 (100) 15 (100)
3 TSI L 27 27 (100) 27 (100) 27 (100) 27 (100) 20 C 74)
4 AN 28 28 (100) 28 (1000 28 (100 27 ( 96) 7 (25
5 JE e 28 28 (100) 28 (100) 28 (1000 27 ( 96) 3 (1D
6 a-—#) 20 20 (1000 20 (100) 20 (1000 7 ( 25) 10 5
7 S zZ—Z 3 b 15 15 (100) 15 (100) 15 (100) 3 (20 1C 7
8 g3y 17 17 (100) 17 (100) 14 ( 82) 0C ® 0C O
9 Fosa—X 23 23 (1000 23 (1000 13 (57 10 4 0C W
10 IRV - 14 14 (100) 14 (100 3 (2D 0(C ® 0C M
11 LE /= A 28 28 (1000 26 ( 93) 207 0(C W 0C W
12 FANXNNY =7 28 28 (100) 26 ( 93) 10 4 0C o 0C O
13 F 4y —EN 20 20 (100) 6 ( 30 108 0C W 0C O

* ; BRIE Iz B R

*

*

s BREHE )
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%15, L. pneumophila io3X4 3 B TERR (1) DIEBENTNED R
——
BB BEER 1-A% 2 » Atk ?T?fﬁi 4 5y Btk 5> Rt 6 » A%
=8 34.0+2.5" 31.5%6.9 37.0£7.7 41.84+6.6 49.0+7.0 51.710.8 54.7+8.5
4°C — 31.2%£5.6 37.5+7.1 41.7+49 48.2+6.5 51.6%=10.1 54.4+8.7
*  BHIE M OFEI9E HZEEZ (mm)
n=26%k
PR (1) OEMHHENRERELSCRLE - 5
BY, WMERMICEIRLC, KEBEE & bk 90 ~
IEPOR S s 3HALR, fHkk (1) oMIC & & 7
EOMECH, 1.25% GOEFR) onfrect & /
REHT S TOREML SN, £, MBC  F o /
EoRMETE, 15MOBEMDES, 25% (4 % 40 //
BRI O THELERRI3 1009638 E & 7, T 7/
Ko, REERTIIEREOREC & > THE 10
B O ERHEEE B 0, MEEEORED 0 ! = '
BRI T H B O EBHO DI T FTHE 8 % 9% 8
MIC (mg/D)

(1) oF# (100%) <31 oMot -
relEEnB -1, W0ERKRLALbDT
&, PIHEEERS KRB s LEETIZ10
PREETE U, 100EFmRLICD DT, 20598
B E TEBOTLEE L, 09RBLTLE
L FYIUBRE I NI TE Aot TDLD
I, SREOIEERIC & L. pneumophila i
LRI BREIERSH 5 2 Ehibh - 12,

44, TL—~T T I —VEFHRLEYHY
BERIE L TEBENTWA S L—TF 70—
viEFEY (GSE) @ L. pneumophila 125t
TAMERERE L, BIEKEE25 T~
THS GSE ioxt U TR AABEIE AR L, v
NERBEZHTH -7, B8, HIEHOKE X EFE
520.2mm TEERICL 2ZIZED LNEH -T2,
GSE @ MIC 3fRtd, 97.7Tmg/1  5390.6mg/]
THY, MIC, o fE12390.6mg/l TH-7 (7).
72, MBC o3fhid, #bRsRiOE R - T
FHicvr7 b LTEBO, KRE®D GSE T3ERH
ZBELI (88). MBCs 2B 143, 10
43, 60T, #NnEn50,000me/l, 6,250meg/1,
3,125mg/l TH -1, &6, HREEBRTIET
~NTOEBREMIC B W TEME 1 SN T
EEEED 4log T8 HH99.99% LI ERID L 72,

7. s7v—77r-vEFHEYIcET S L
pneumophila ® MIC 7% )
n=25%

390.6 7813 1563 3125 6250 12500 25000 50000

MBC (mg/1)

8., F/v—7 77— vETFHERICHNST S L
preumophila © MBC 7%
EAkEERE A0 15, B 109, @ 605
n=25%%

DT &G, EERR TTD52320k & /MK f etk
ERP LT, UED&k ST, GSE it L.
pneumophila (X U CTHENAISREER 1 H -
7o
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20024F, BIREEHMATOBFABERIC B TEET
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AAIBHEIEEREBCERLTEY, INL0NGE
K EOATHABREBECEAL, BHELLVIAXTE
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W, 7TH1BWwEERREBLREYN, VIR IEER
REDI:H T AUBCEERFLE T, 6 B20E»5
TH23BE COABERZB L 720,000AICDiE>T, &
D3 H2BEHRIEL, I bIUMENBHRIIZ L V4 3 FiE
LREERZM SN, TEPFETLRE, BEB L OB A»
SRA—MERDOLV YA 27 BESSEE N, BET/S
§ =2 ORI N 2 L5 EREROBEIRY

FEHES NI,
REZESW LV EMRROHERRE L LTUTO11
BN ETF sz,

OFER S v 7 OBEYLER, HEL LOBEEEIAR
Faitot:Z b, QEMNLEER, HE2 COBERT
OEFEB T ENTOEWERSY v 7 QBRKEEHE I
BFRAL W L OFRY v 7 OREFHENTAST,
BEINLBEL EORE* BERERTE Lo 2
b OBRKDREBEFREEOHES#ETICITLAL
Dotzl®, BECLEREZBRENERTETWLE
ol b, B, BREAZBOEREEZHSEREL
TwipnoteZ &, OFFBEOAMEHARE: Lk
holrlcdh, BERBENTOEXKDANEZBT14E
HoTwlhkIlt, ®2BHEEDHIEHEORENTT
5T, LMEROLEEPTLONT, TA-— 1P IF 2
SEREOHEBEEmsREL T LEs 2, DT
¥y v Fr— DR, HESTTSTH-I L, @R
M EEEBEP{TI o0 =27 (FIESE) »ER
ERTwkhokzl &, OQHREREOV V4 32 ZFEK
T 2 HER LTS E L T 2 &, O,
SEEEOEERE B 2BIEKOBE L VYA ATE
ERIEOTEEEND - 2 . OEBRABHIOBEERRR
LHEOER, HESFTAThoTcl L,

A3, BERRS ORISR L T8EEIT Y, 450
HEOEEELOBI2003F1BCEE2ER L, 2
B, ZRBRRBEFC BT 2MEERBRIESTHFHKD
12726

3. BRKIIETRILIF A SBEMERRRY

3.1 ¢EEHOBRAIASOLSFTRSBEEOSH
iR
FERRINOSBERBEIR 2 CRTEED, £ T710
AR 204500 (28.7%) oS Wiz, ZOWRIZS
EATHERE T X TOMHEOBERA» >SN, 3.8%
~100%DZEERTH o7, 2O X DI, FEFEIZL -
THOBERIC D2 ) OEBED Shi-55, BB LU7T-SEH
BHERBREREZTZ2DIOTIRE L, £, SEHBOD
BWENERBE LD 2 Lo — e SR Lk L TE
£2DB 57— TREVWI LERRET L, HEBREH
HEIC A2 b, FE, Fibs L OCBEEE OSBRSS
30.7%~31.0% & ® R & L, Kz & WEHH D
28.6%~29.2%TH Y, dL¥E, FEB L CAMMTT A
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®2

£1 OLLBERBFLITRVYAITEORER
£ B mEHR EE EHE
2003 RLREILT TRILKESRERR 1 I &%
AINRWLAE TolFd h@EN 05058 1 1 SHEAE
2002 ERERFESE THMAESRE ©-orkbig) 9 1 AR
TR TAFEY L A— B8 BREOBE, 295 7 BEALE
2001 HEEREBE 4% B ~HOUSE 1 1 EBOBEMK?
2000 BRIREHETN MBEEANZEZIHBMNBERERL 1 1 BEREE
FBEEGET TShHV0R - 0Eb b, 43 3 EEABE
BERE TRIOITERE BROB, 23 2 FERAGHE
1998 EHRHEEK HRHEEUER 12 1 24BSROEE
1996 ERHFEX (EEAZEHER 3 1 #B
1994 HREHRARK CEHEEL 5 — 45 0 BEIE

LERHOBERKCBIZVIFASEBE
DB

EGERFIE AR AEHR (%)
dtimE 56 14 25.0
' & 6 2 33.3
BOH 16 3 18.8
= F 10 1 10.0
= W 15 5  33.3
¥ 22 9 40.9
& 5 32 11 34.4
O 21 2 9.5
wmE]l 20 7 35.0
AR 29 14 48.3
* W 6 1 16.7
F OB 13 3 23.1
BB 57 16 28.1
B x 7 4 57.1
o B 32 9  28.1
E B 37 11 29.7
[T} 19 5  26.3
B M 16 9  56.3
E W 5 1 20.0
A 15 2 13.3
[ 13 4 30.8
M 7 1 143
B H 10 3 30.0
% B 5 3 60.0
= B 26 1 3.8
WO 8 2 25.0
X B 7 5 71.4
= R 5 2 40.0
AL 8 1 12,5
E & 19 6 3.6
5 I 4 2 50.0
E B 3 3 100.0
=B 20 3 15.0
E iR 11 4 36.4
i g 4 1 25.0
T B 15 3 20.0
& JI 5 1 20.0
= oA 9 1 1.1
B 2 13 7  53.8
w M 3 1 33.3
K & 29 6  20.7
=) 8 1 12,5
£ & 3 1 33.3
£ B 3 1 33.3
e & 22 5  22.7
ERE 14 5  35.7
wmoa 2 2 100.0
& 710 204 28.7
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£3 HWEBELIBERCBIIVIEZSERESEEOHE
REUSER  EEERR ABEHE (%)

W% 447 137 (30.6)
g X 222 61 (27.5)
& & 669 198 (29.6)

25.0%~26.2% L R E»P -T2 ZDE DI, izt
ELSEEAM W E TIRTOFEFREOERRAKL
VIF A TRBEVNERL TWwiz,

3.2 [migl & T8X], [EEKX] & [iFmL] <

BT DBEEDER

BARLULBHEERNEEBREXAL, ThZThO5EE
EERHB LI b DR 3ICER Lz, N TR44TRE S
13754 8 (30.6%) #» &, & K T 22228 £ 615
27.5%) b FNFhOEES I, BRCBTA22HED
FBbTHRERTh-T, $z, BRKOAREES
MEBR] tvbwd [LIFRU] XL TlE OS5
TR ER O % 4 105 Uk JERR TIR1003E
H38EE (38.0%) mopEEan, Zhiaxl, »iF
LT 2498846850 (27.3%) o aEEd N, BR
RTOHMRLEERZERAONZ oIz, £z, BE
A100m/ o B, ERALEHL, 701.8ctu, »
UL 23939, 1cfu TH Y, BEIROFAB LTS 1o
BB ELREIRD s NEL o, BEKOEBTEC
LT, 28k vEkeBEAAL Ty ERATI
BREOLV VI IBRSERINTVE, —F, A&
DEFRNKE—ERNCFIET 5, W3 [»P0HL] T
i, VIXAIELMERTHERbR TR, &
ORETREER ERERZVWHEELCEHERTHS
s, BEFHRLTHoTh LV IATHERERNE 57 &t
WEREZRWERTH .

3.3 BRAKORBELCARXIBROSBKRT
%5 W I3BERAO pH B SBEE R R LTz, VP4 2
S BE i3 HE pH2.82 55 E pHY.30EATHE s 1
7o 88, B pH I & » THBRICESTED sl T
ZHH, pH3.1~pH7.5QEH 34 8% & & <, Kz
pH7. 614 £2324 8% & #NFNEETH 7245, pH 3 L
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x4 BRKEAY AT AR X 2 L V4 % 5 BESEIRE O

B # (cfu-dl™)
e A5 4L HEENE SEESE(%)
E & &= K oY+ gERE
BIER 100 38 (38.0) 3.4x10*  1.0x10' 1,701.8 + 3,560.2
hIEL 249 68 (27.3) 1.3x10°  1.0x 10 939.1 + 2,603.9
& & 349 106 (30.4)
F5 BRACBYLLVYA 3 SEEO pH IS BT (10.4%), 10EEL3258% (10.0%) THolz, ZDEMIK
T 3 - bTEE, 8L OB, 11E, 12, 138, I5ECEER
pi BEBBUNEL MR (%) BSOBERS NI, 2BEL 1ABEE 1 BR DM Lo T
<3.0 41 2 ( 4.9) L. pnewmophila AN w R E S hicEETCRL
3.1 ~ 5.9 38 13 (34.2) bozemanii & L. wmicdadei 734 2%k (0.8%), L. bir
8.0 ~ 7.5 321 112 (34.9) minghamensis & L. dumoffii D& 18k (0.4%) THh-o
7.6 ~ 8.5 242 66 (27.3) 7=
8.6< 68 11 (16.2)
N, = N4 )
& & 710 204 (28.7) 4 pIARTOTED
4.1 LPFxSEEOBMEMIRAEEY
) — B BB L R REE OB RS, HE
80 BEREEEBYIOEEE kb, 2358, VWALRTEE I
70 BENZT A= EOREBYOMBERNTLIEET 3
60 S D, ZhzBHEMENEREE L » . EEOH
- BRREEFYORKATHELINE Y, VIFRIBHE
e BRI L, MR TEELRED, RERCEEE
# 4« TH 5 EEBYOMITEBE L TRPICIEET 3, 20

30

20

} IJLL

0~ 100~ 500~ 1000~ 5000~ 10000~
B 8 (cfurdh)
E1 BRAKFOVIHITEEHR

TTEH4IB EFFBENTEETH T, DI &h
5, KERBETTREHINCL L, BBk D
HEORB TV IEELFET D I LWL 5

SEOFEICB W THREBEEDSL - T BRADS
BEHDBE, FMYULA EEMR, FER Sy
LB - REBEARERR, 7MYV YA =752y T A
(AN T L) EACR, RETRER T EREEHETH -
720 Lo T, Vv YA A I7BENEELRTWL
REEBET DI ERE#ETH -T2,

3.4 BRAKEOLIFRSBEYK

VA 3T BEDSEE S N 204581 DT, HRRIK
100m! Hz0 v o4 27 BEREE LR Lz, 107
cfu RiEHI98HE (48.0%) LHJHH L, Ril0*cfuih
1S (34.8%), 10°cfu BH2050F (14.2%) B L TF10°
cfu BLEWS 6 3% (2.9%) H-o7z,

3.5 BRAISHEINLLIUARTIEE

LEE OB RA04EE D &SI NI 2515kD LY
FAZBEEEZSEBCRES W, B0 TLEbEHE
WRE SN EE I L pnewmophila TH Y, 2458k
(97.6%) 157, FOMBEHMCBWTIE, 1#554
BE (21.5%) L& b% <, Riz 5 B398 (15.5%), 6
BEM3IRE (12.4%), 4 EEHD20ER (11.6%), 3 EEAS26%k
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IPCHALBTO7T A—NBEBREGERLEDD
Thb, 2DELZIDOVIAFTBEOETEEE T, il
TEBELEESIVEEEDE VDR TWS, T A=
bbbV Pt A SBEOBEENTHL LD T L
, BRBIETFT TRV YA A IBEOEHEC XS oHE
ERELTWHEDTHE, COBBRVIL A T7EBENR
BEGTEELE T TR D ICESLLEED—DT
BHI I Lev A 7B FEERY L OBFRIE,
BHEET A—NTRT7HY VT A= F )7,
NNV YRT, TN ETRYE, 3, BERT
BT P EXFREBLILALNTWS, ZOXI3 RV
U A BEOBMEE, BRBEBT VU4 R TELN
FUBWTOTOREETRETH S,

42 LIHF2SBHEHLT A—/NOEBIKR

VA ATRBEIREE R ATHKRRECLCER
B, ZHEHAGHEARERZIUCD, BEK EBEHEK, ﬁ
BRIk, BRAErEHERHEND Z L EEAMD
EETHD, I LTKREBIVIA R IEET ITMNE
BLTWBEREZICL, MEMERFRCATHY
RMOMEMBEFEL TR EEZONE, 25 Lk
MHC, VIARTBEET A~ NOEERET s N5,
ERINBEABHABE OO TOREBBRTIE, 7 A—
NOBEERUY L EHEETH -T2 (£ 6), BHENIZIT
NNVIERVRT, T=NVHVET, Thw T A—i30
EHEk e BB REE N, 0B, VYT RT
BEEBI%» oSN TEY, VoA 2ATEELET
A= NOEEQEEDES Iz I NI, i, T A=
MR TR 1RO A» s LY AT BEIRE AN
el T EBb ol 212, BRSOHEITH, BENEG
B2l 2 1 —REKEE, ARG, IREED 325D > B75%
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%6 FEERBEAPSOVIAATBELET X—/ SO
L7

FA-RREY FA-SFTRE A& B

LA RS 29 (67.4)* 1 (2.3) 30 (69.8)

L UA R T TRE 7 (16.3) 6 (14.0) 13 (30.2)
& & 36 (83.7) 7 (16.3) 43 (100)
s ERHI (%)

W72 BRSNS BREEET X —NPRE ST,
%, ¥z, VYT A TBEOEHENSVWBETIE, L
b YR T ENYART ORBBENE L, WEOEEE
R ANz, UED LS, VYA IBEISHE
BLTWAHEBRBETIE, VOoARXIBROEXZLY
BT A—NEEEECEBRLTWE I EBHLIR S
7zo

4.3 NAFT VAL
ABEFOMAEDIEGEREICHEL, $EOLSHEE
PEALTHEYBE(AS A LDHVENAF T 4 VL)
PRRT 5, CARKRIPHIEREERCHEIICTS
HONLBERT, WbWwd [Kbn] £/ XAV ]
EEDLNTWE, 235 L MEMERTRAR» 5 0F
EERAEZTILL, ThbbEEBERN L LEESN
T2, ZOWEVBENEZS VYA IBEOT
BWEDTH B, 0L BMEMERTY A —2 &
DIBRICEFECHEELE VYA A TBEICEST
HBaKRESBEREANGET A LItk 5,

5. BRKOBFFLEEFESS

B, BEKOBZBEESNZ LY 27 BREOBE]
FEHEMET 2, HRTHEBABOBEAESEICENT
BESNI-EMEL2ERL W5, I OEEEIT10cfu-
diTRBETH D, EEORE TR 2ERT %, Bh
L XS iBRAR T DHRENESEERETHD, BRK
DEB VAT LI EREE>TERBZZ DS, BH—1
BIIGHEITRELIZ v, B0 L3z, VYA ATE
HRBEDBE T CHEIFT 2 2 tos, BR-KDOKLE
ROEToTh v A TBREOEBEEHELWERED
WAL RICE L 52\, SO RV IA4 R TIER
MNEET A= NWETHB L Vb IFTUTH S,

BEBBEORER LI TkEs RN o2k 3
B, WERZEESEWD, o0 5KBETHEY
ERFEL, BT THENELTHS, BRI
EMEEHRET 2 YHENHESRLVESTHY, T
BOLERPI—BLS 2 LThL, EBREOHEZHIC
L BBERDEE I CRIERRETH 27 A —rNT ik
BRI, BEAERSICESNET 22 LD
FREOOTHBRODZ L2 Ths, EElcEES
BATE L L D RENEL, HRIPBEKTIER
B EBESAbNDS, T, HVUUMEORE LY
BREEOHELZR/ETZIAbVE, LrLuss, L
VAR ZBEICET 2EROBIBREE I BV TESNE
PERE—FETHZ I EEBETE R, HOEES
HER A N2 BRAKOEERERFEE ST, Lyt
37 BEOEBIRNGE, BRE+2iET2 2 s 08
BETHY, BRTERBBRY AT LAOBEEIE L5

14~
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YIS #={T> S e EE N b, BIFicid, ERHE
BRZDOWTIHENR, ZOMOBEHEI DV TIZEEFT 2,

5.1 EZ0BEEDR

BAROOERNC L 2L, SEFEE1Ccfuml iz 3
& O W EBREE R0 4dmg- [T T B REEEERE S
MO AEHCERET 2 b, ERERL025RIE TR T155
PREE s Nz, £ 255, Kuchta & O CliiEs
B ER0. 1mg- 1", pH7.6, 21°C D & ZM99% (2 ¥7)
ZHEBERABEO 1 0L, vt a2 7BEIZOS
PELTWEY 20X, Vi3I BEITESR DN
LT—Ri% 77 AENE X D IEREE2RT L5 TH
o 2, IRHDT—FE, HLETHERE LV
OBETRERICTET, EBO 74—V FERMTOLS
BRTERLIE2RBHRELSDLESD B,

5.2 BRMEDRICEEFRIZTERY

1) pHfE pHEK &-> THEAHS OELERER
Zhl, HESENTD-TL %, EENZFOHMEIT
b5, HF I pH EIC & - TE{LETEN L HOCI(KE
M) L OCl- (REEREA 4 >) OEBSELT 57
W, ML THEEBEHEBEOWRI NS S EL B, £77,
HAEYMREOREREL, HEFOHBEANDBEME
WET S5, Led-> T, pH EIZMEYBE S OREDIE,
2, HERPENIACEZE T BRECLHEYSE LD
EEZLND,

2) BEYE BEYESHESDREZETEELIL
FE<HonTwa, 2OBRER, BEWEOES, K
&3, BE, MEYOREE, BEWE LMEYE ORBS
BEZ L ->THAE S, L7227, BBEWEOE .
HENOETE—HIKEZ VA2V, BERF~ORE -
{58, EE L > THEDDHERED, &SR, B
ERIOERAPHRESNIBENDH D, KFDRIZAD
ABE EHEBERPBE L OB R 5 —HT, HFREE
NEZEHINC X DHERPHEEL B REHEFOE
HBED, WoZHEBMENET T 3,

3) B HEEARLPEAZRZTRELIVEVI R
DT %L, BF eMEYS- L, BEREG
HfAEz enginidzsizy, HEFRECERE
ATNHEECRCHELSEBSNZ EHFLTRWIT &
WV, IO ERHER EMETS LI —IES S 2
EVS ZERBERLTWS, LRSSV E, HEH
MBEELTWS LA TR/ RIGEETL 21,
BEL LGOI IARERSNIEERHOELE > T
LESOTHEMRIIEAST 2, &5 LI-BERCHGT
LI RBEROHE 2T ERT 5 0ESH B,

5.3 LoF RS BEOREP LN

VYA A TERFFRERERETHY), RE+srvr
A7 BEPEFEORRTHS I LZTTCRBXTLEED
Thb, VI¥AFTERELTIE, EbHs5E bADOR
RENIHEI N TR, Lizh>T, VWARTEE
OREFH I, VA R TEORERMENEL Y, B
RYEAHRE L LB BEETH DL, FRETIZERRKEASZ
LEATETH L0, BHT7a Y VORERIECE
BT A 0END L, NEl, BEHRRO-HH BRRIC
Torebln, BERIITLEEIHRESNTED, KE
EREEOZ 7YV EHOUL DI L TERE2BU -
ZERHot, SEALEEDLY 2 v PENEESSE
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BN IR TORBERBE I IVwWIA L LT
2, IHULRHREFHALZNI L HbERETRO—D2T
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Inactivation of Legionella pneumophila from Whirlpool Bath
Waters by Grapefruit (Citrus paradisi) Seed Extract
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We investigated the antibacterial effect of commercial grapefruit seed extract (GSE, Liquid),
which has recently been atiracting aitention as a food additive, on Legionella pneumophila.
The sensitivity test was performed using the disc method. All 25 strains tested were sensitive
to GSE, and formed clear inhibition zones in iis presence. The minimum inhibitory concentra-
tion (MIC) values were measured by the agar dilution method. The MIC of GSE in the strains
was in the range of 98mg// to 380mg/!, and the MIC., was 390mg/l. The minimum bactericidal
concentration (MBC) values for the test strains were also determined. MBC, was 50,000,
6,300, and 3,100mg/! when the exposure time was 1, 10, and 60 minutes, respectively. These
bactericidal test resulis demonstirate that GSE has a bactericidal effect on L. pneumophila.

Key words : Grapefruit seed extract/l egionella pneumobhi/a/ Bactericidal activity.

Legionellosis caused by bacteria of the Legionella
species has been aftracting attention as a serious
public health problem in recent years in Japan. In July
2002, an outbreak causing seven deaths and 295
cases of infection occurred in a special public bath in
Hyuga City, Miyazaki (National Institute of Infectious
Diseases, 2003). An epidemiological investigation re-
vealed that the source of infection was the circulating
bath water, indicating the importance of countermea-
sures against this source of infection. In public baths,
where such infections have frequently been reported,
sanitary conditions are maintained by using chlorine
disinfection; but sufficient disinfection cannot be ex-
pected when the pH of the bath water is high or there
is a high conceniration of organic compounds.
Moreover, additional equipment used in ‘public baths
such as for aeration may markedly decrease the ef-
fectiveness of the disinfection. Based on these con-
siderations, we have investigated natural antibacterial
agents as substitutes for chlorine disinfection, and re-

*Corresponding author. Tel © +81-42-754-7111, Fax . +81
-42-754-6215.
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ported the effects of coffee (Furuhata et al., 2000a
and 2002) and herbs (Furuhata etal., 2000b) on
L. pneurnophila.

In this study, we investigated the antibacterial effect
of grapefruit (Citrus paradisi) seed extract (GSE),
which has recently attracted attention in the food in-
dustry field as an agent that prolongs preservation.

Commercial GSE (CAP-10, Liquid, Kalfachemical
Co., Kanagawa) was used. Twenty-six bacterial
strains were used: L. pneumophila serogroup 1
ID5232 strain  (No.26) and four strains of
L. pneunophila serogroup 1 (No.1—4), five strains of
serogroup 3 (No.5—9), two strains of serogroup 4
(No.10,11), nine strains of serogroup 5 (No.12—20),
and five strains of serogroup 6 (No.21—25) isolated
from whirlpool bath waters in metropolitan areas.

The GSE was sterilized by filtration using a dispos-
able membrane filter unit with a pore size of 0.20 um
and a diameter of 25mm (Dismic-25cs, Advantec
Toyo Co., Tokyo). Fifty microliters of the sterilized
GSE were slowly adsorbed to a paper disc for the
sensitivity test (diameter : 8 mm, thickness : 1.5mm,
Advantec Toyo Co., Tokyo).
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The bacterial strains were cultured on BCYE o agar
medium (Nikken Biomedical Laboratory Co., Kyoto)
at 37°C for 3 days, and individual bacterial colonies
were suspended in sterilized distilled water, and ad-
justed to a turbidity corresponding to -‘Mcfariand No.1
(10%fu/mb). A 0.1-ml aliquot of this bacterial suspen-
sion was inoculated onto B-SYE agar medium
(Sawatari et al, 1984) (Nikken Biomedical
Laboratory Co., Kyoto). After the bacterial suspen-
sion had sufficiently been adsorbed, the -antibacterial
test discs were allowed to adhere to the surface of the
medium and the plates were cultured at 37°C for 7
days. After the culture period, the inhibition zone
around each disc was examined and its diameter was
measured. :

The MIC was measured according to the agar plate
dilution method (NCCLS, 2000), which is the method
used to measure the MIC of antibiotics. The test GSE
was subjected to two-fold serial dilutions, and 2mi of
each dilution were added to dishes and combined
with 18ml of -B-SYE agar medium (Sawatari et al,
1984) 1o prepare drug plates. Bacterial suspensions
were prepared as described above, and 5 | of the
suspension were inoculated onto each drug plate us-
ing a Microplanter MIT-P{Sakuma Seisakusho Co.,
Tokyo). These plates were incubated at 37°C for 7
days. The presence or absence of growth of the
tested strains at each concentration, and the minimum
inhibitory concentration (MiC) were determined. -

To each well of a flat-bottom 96-well microplate
(Greiner Japan Co., Tokyo) 100 u 1 of sterilized water
was added, and mixed with GSE (initially diluted 10-
‘fold ) to prepare serial two-fold dilutions. To these
wells, 10 1 of the bacterial suspension prepared as
described above was added and kept at room tem-
perature for 1, 10, or 60min. At each of these time
points, a 10- p 1 aliguot was collected from each well
and spotted on an BCYE « agar plate (Nikken
Biomedical Laboratory Co., Kyoto). After the BCYE
a plates were incubated at 37°C for 7 days, the for-
mation of colonies from these spots was observed
and the minimum concentration of GSE resulting in no
growth of the test bacteria was determined as the
minimum bactericidal concentration (MBC).

The tested GSE was added to 200mi of phosphate
buffer pH 7.0 kept at 40°C to prepare 1,000-fold
(1,000mg/1) and 10,000-fold (100mg/I) dilutions.
L. pneumophifa 11D 5232 strain (No.26) or bath-
water-derived L. pneumophila serogroup 5 (No.12)
was inoculated in the solutions at 10°%fu/mi, and kept
at 40°C. The solutions were sampled at 1, 3, and 5
minutes, at which times 0.1m!{ of each solution was
immediately smeared on BCYE o« agar -(Nikken
Biomedical Laboratory Co. Kyoto). The plates were

incubated at 37°C for 7 days and the viable cells were
counted.

The same experiment was performed using a buffer
solution adjusted to pH 9.0. In addition, to examine
the ability of GSE to disinfect medicated bath water,
phosphate buffer (pH 7.0) containing 1% of a crude
drug taken as a model of medicated bath water
(Yakujinto, containing Phellodendri Cortex, Angelicae
Radix, Foeniculi Fructus, Zingiberis Rhizoma, Cnidii
Rhizoma, Paeoniae Radix, Aurantii  Nobilis
Pericarpium, and Pepper; Morishita Jintan Co.,
Osaka) was prepared, and combined with the same
volumes of the test samples of GSE as used in the
bactericidal test. For controls, buffer solutions without
the addition of GSE were used.

The sizes of the inhibition zones of GSE for the test
strains were measured. Clear inhibition zones were
observed for all test strains (25 strains), and the di-
ameter varied from 17mm to 25mm, with a mean £
standard deviation of 20.2 *2.4mm, without signifi-
cant difference among the test strains. The mean size
of the inhibition zone for each of serogroups 1, 3, 4, 5,
6 varied from 20mm to 22mm, without significant dif-
ference depending on the serogroup. Therefore, GSE

exerted antibacterial effect on L. pneumnophila.

The cumulative fractions of the tested bacterial
strains inhibited at each MIC value are presented in
the order from lower to higher concentrations in
Figure 1 to show the distribution range of MIC. The
MIC ranged from 88mg/! to 390mg/! depending on
the strain, with the minimal growth inhibition distrib-
uted within three sequential tubes (eight-fold). The

‘MIC values for 50% and 90% of the strains

(MICs and MICs, respectively) were both 390mg/1.

100
90 p
80 ¢
70 p
60 f
50 p
40 p
30 p
20 p
10 p

0‘ [ ] B
49 98 200 390 780

MIC (mg/1)

FIG. 1. Cumulative distribution of MIC of the grapefruit
seed extract against L. pneumophila from whirtpool bath
waters.

Cumulative percent
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The cumulative distribution of MBC at each time
point of exposure was examined in a manner similar
to that for MIC. As the duration of exposure increased,
the MBC distribution pattern shifted to the left, show-
ing that the bacteria tended to be killed at lower con-
centrations. MBC ranged from 13,000 to 50,000mg/!
with an exposure of 1 min, while it decreased to a
range from 1,600 to 6,300mg/!/ with an exposure of
10min and to a range of 780 to 3,100mg/I with an ex-
posure of 60min. At all exposure times, MBC was
seen in samples distributed within three tubes (an
eight-fold dilution range), showing a similar distribu-
tion range as MIC. The MBGs, was 25,000, 3,100, and
1,600 mg/I at 1, 10, and 60 min of exposure time, re-
spectively, and MBCg was 50,000, 6,300, and 3,100
mg/1, respectively (Table 1).

Changes in the L. pneumophila cell count caused
by incubation in phosphate buffers at pH 7.0 and pH
9.0 containing 100mg/! GSE and 1,000mg/! GSE,
and in phosphate buffer pH 7.0 containing the crude
drug (Yakujinto) were measured. Under all condi-
tions, the initial inoculum size, 10°cfu/ml, was de-
creased by 4 log cycles (or more than 99.99%) within
1 min. Particularly, the number of inoculated organ-
isms decreased promptly even when the Yakujinto
being used as the medicated bath water was added.
The decreases found for the standard strain 1D 5232
and the isolates from bath water showed no signifi-
cant difference.

GSE has recently been attracting attention as a
natural antibacterial agent, and it has been shown to
have a wide antibacterial spectrum (Cho et al,
1995 ; lonescu et al., 1990). The antibacterial activ-
ity of GSE is considered to make it an effective agent
for extending the storage period of food in Japan, and
its safety has been confirmed (Watanabe and
Yamaguchi, 1995). It has been found that the anti-
bacterial activity of GSE is mainly due to the compo-
nent benzetonium chloride (Takeoka et al., 2001 ; von
Woedtke et al.,1999) . With regard to the mechanism
of action, this substance has been found to cause the
rupture of the bacterial membrane and release of the
cytoplasm (Heggers et al., 2002).

TABLE 1. MBCs, MBCs and MBC ranges of grapefruit
seed extract against L.pneumophila tfrom whirlpool bath wa-
ters.

Contact time MBC (mg/D)
(min) Range MBCsp MBCe
1 13,000-50,000 25,000 50,000
10 1,600-6,300 3,100 6,300
60 780-3,100 1,600 3,100
n=25

In this study, we investigated the antibacterial effect
of GSE on the etiologic agent -of legionellosis,
L. pneumophila. In screening tests using the disc
method, all test strains formed inhibition zones, show-
ing an obvious antibacterial effect of GSE. The size
of the inhibition zones did not significantly differ
among the strains, and similar degrees of growth inhi-
bition -were observed. Although there have been
many reports on the antimicrobial effects of GSE on
various microorganisms (Heggers et al, 2002 ;
Reagor et al.,, 2002), to our knowledge no data on
L. pneumophila have hither to been reported.

Nishina et al. (1991) reported that the MIC values
of GSE for £ coli and S. aureus were 25 and 5mg/I,
respectively, indicating that GSE has potent antibac-
terial activity. Watanabe et al. (1995) reported the an-
tibacterial activity of another type of GSE, with MIC
values for £, co/i and S. aureus of 200 and 25 mg/I,
respectively.

In this study, we found that the MIC value of GSE
for L. pneumophila (MICs) was 390mg/mi, which is
lower than those of coffee-derived caffeic acid and
chlorogenic acid, both at 630mg/! (Furuhata et al.,
2002), showing the high antibacterial activity of GSE.
In addition, the MBCs of GSE at an exposure time of
60 min was 3,100mg/!, indicating that GSE has higher
bactericidal activity than the coffee-derived sub-
stances. Investigation of the time-course of the
changes in the viable bacterial count in the bacteri-
cidal test revealed that 100mg/! GSE killed 99.9996 or
more of the bacteria within 1 min. These findings
suggest that GSE is an effective natural bactericide
for L. pneumophila. :

Takeoka et al. (2001) identified the bactericidal
component of commercial GSE as benzetonium chlo-
ride. In the present study, though we did not identify
the antibacterial material, it is possible that the same
component as that identified by Takeoka et al. was re-
sponsible for the bactericidal effect.

Disinfection with chlorine products is generally rec-
ommended for hot springs and public baths shown to
be contaminated with Legionefla spp. in Japan, and
simple chlorination at a high concentration is per-
formed in some places. Water characteristics such
as pH vary markedly among hot springs, and there
are various kinds of public baths, inciuding medicated
baths. In such circumstances, the control of
Legionella spp. by chlorination alone is very difficult.
The results of this study suggest that the bactericidal
effect of GSE does not decrease at pH 9.0 or in medi-
cated baths (for example, medicated with Yakujinto),
and that GSE would therefore be useful as a bacteri-
cide for practical use. This point will require verifica-
tion in tests during actual use.
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