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AN ANALYSIS OF COMPLICATED URINARY TRACT INFECTIONS
USING A NEWLY-DEVELOPED EXPERIMENTAL MODEL

YOSHIO NISHITANI

Department of Urology (Director: Prof. H. Ohmori),
Okayama University School of Medicine, Okayama, Japan

In order to evaluate the growth mode of uropathogenic bacteria and the therapeutic effects of
antibiotics for the treatment of complicated urinary tract infections (UTI), a new experimental model
of the urinary tract was developed in vitro. An artificial kidney and bladder connected with a modified
Robbins device could reproduce the various therapeutic conditions resembling those of patients with
complicated UTL. In the experiment using Pseudomonas aervuginosa, a thick adherent biofilm developed
on the silicon disk of this device within 8 hours and bacteria in the biofilm were found to be still viable
after 8 hours of exposure to an extremely high concentration (1000~2000 MIC) of gentamicin or
piperacillin. This biofilm of P. aeruginosa also identified macroscopic aggregates in artificial urine, and
this might be responsible for the prompt regrowth of bacteria following antibiotic treatment in the system
without artificial materials. The presence of an artificial infectious stone, however, was a cause of
regrowth in the system of Escherichia coli and Enterococcus faecalis. On the other hand, the presence of
residual urine was not a cause of intractability to chemotherapy in this system.

(Nishinihon J. Urol. 53: 717-727, 1991)
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FREERE (UTD) 0 U TR EAEREE 217 5 B8,
Z DR BEZTFHT 2 ICH>TCETEHESINSED
25, BT % EHIORARE T 2 R/NFEE LB
(MIC) THh 3, —F, Ercdt UTLics v, i
FHNEZHOBRTH 212 bnb 63, HHHRICH
—Hitkic & 3 UTI oF# % B2 H0H Tl % v, UTI
s 2 P bR 3, BECIIEAMOERNT
H BRI B & CENBIEOREC N Z, BRBHEED
BT OFEHE, REEOEBERBIC &b %o RS ORE,
%o I BREEEOGEL COBETEHOER, X512
IZHE A T DT & Vo HIEHIORFIC k> TR E
SHEEZT 5, R, REHES T —7 VEE IR
B3 L, biofilm 2R L THIREL 728541213 UTL

BRI S 2 b o, EEOREREIET L RETIE
EMHORBAE AT 5 fabitt b H 5,

S alfE EMER & U T O3 OB R 2 & 0N BTk
Y UTL i 81 %Mz OffiE% simulate L5 % in vitro
KERE T NREFHUCAER LIce COETVHREHOT
H T — T IVEIEIZ BT % biofilm DR & # DRIz >
WTHETT 2 L L bz, Bz OREE T VT TOHRMBEHE
B %17 - 72,

WNRE LV HE

1. HERE

EER ST BlER O Pseudomonas aeruginosa 29 £, Enter-
ococcus faecalis 20 ¥, Escherichia coli 20 #:75 & U0z E.

coli #8¥RR (NIH] JC-2) 2T, 7 —7 VEME
BT IEEOEEZRFT 2 L Lbic, ZOHOHE
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FEEER I 2 EROFBE 21T o 72, RERIZ 2 AR
B, SHBUEREHADIRAE THEF U 72, ¥R 10°cfu/ml
R L WP EE Lom, [EE Tmm Oy ) 3 U4
figt disk (LUF silicon disk) %k, ik T T 2 Kl
% disk %2 FRH L 72, FFHLL 72 disk (3 0.01 M phos-
phate buffer saline (pH 7.4 : LUF PBS) & T¥EE,
R > [EE B % F v T methylene blue THefa
L, AHRE7Z & U e S i O & ORE 2
BEL L 12, (M OHE I D WV TIREEAIC disk E231E
EACHRTEROEBEICMELLZ D% (#), disk &
OfFETHITES 50% LA ED b D % (4), disk [H O E R
13 50% KD b D% (+), MOMNEPHEETH S 6D
#(x), fHEEVEDONEVLDE(—)E LT,

B, SEERE E LT, 3T 0.4% DGR 74
Iy RHMLUEZATLRY # Wiz,

2. RBEFMN (Fig.1)

REsE 7 VIC B 1T B Bl E LT HZRERT L-6200 72
{7 )Yy bRy FRAV, FHEKE, TRbLER
e I DRE 21T 5 £, PIEHIRSGR O BR PR
R & AT BRI simulate U 7z, BEBEE 70 1%, WEIO
BikMEEEO B EDICTR) ya—bEHLIEYY ¥
¥z, BEARYL Y — LBHARHESGET, —EHE
A, HERRMEIRZ & CICRIRBROBREZT o120 ¥V ¥
& — L BRES = OREID R Vv —9 34 ZIXATRERR D &
¢ L, dead space #a] REICED S8 1z, BESFELHET

NELTR, BFRERZSCEMIOLPT E2EZ, K
¥ 1 10°cfu/ml OB & 4t 4 B¥RH incubate L 72 E %
#15mm OWEMREZH V., REEEA T —TVET NV
& L T & modified Robbins device? #Fjv>, sampling
disk ¥ L TiZaiaio silicon disk # a7z,

3. AF—FLEM ()2 #E) ECHETB

biofilm gk D BEERY £ ER

BEpE € 7LD A TR A 10°%cfu/ml & 723 X
> WA BERE L, #5657 7> modified Robbins device %
37°CIZ T 40 ml/hr OFH THEFL L 720 BEVLBRAAERAERF
1z sampling port X b sampling disk % £ 5 1) 12 £
L, EEEHEIC L 5 disk KEOBEETo /. £, P
aeruginosa 2B U T IZHETBHLA 8 REHIER £ D 20 wg/ml
B L 18800 ug/ml (ZF% L 7z piperacillin (PIPC) & &
Uf gentamicin (GM) O ATLRER, 2V THEAZ L
DATRIZTENRZ N 8 R OFEF 21TV, FHAIERK
7 & NZPERI#% @ biofilm 0% bR Hb ¥ THEL /2.

4. et UTI BB

SRR EERIC Vv 236 & LT, FERIFRROR
OFHERII D W T bRE 2175 BT, HERDTEER
b, pofiRBEEEEOBVEEZLON DS
lactam #|T# % PIPC #F & L THW7,

MREER I, BEBEE 7V RO N LRI BEE LS 10°
cfu/ml 7 2 & 5 W % Bk, BIE 7 Vic & - TR
AW BF 3 PIPC O Rt # simulate L 7z AR %

_4_@_4_
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Fig. 1 Experimental system using artificial bladder connected with modified Robbins

device and intelligent pump
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37°Ciz T 50 ml/hr OFiE TREREE 7 VNICHEA L, BREF
HNC ERBAHIE 21T o 2o BEREE 7V D RKA R 200
ml & U, BREREERORRE X 100 ml & U7z, B3k H
EFNVTCR, AR L 72X S ICHE & & b IC incubate U 7215
PR % B E TV NICHA LIERERE1T- 72, %72,
BOMEICERRS B L IZTHEC OV TR T 3729,
BEBEE 7 VNI 10378 v L 10%cfu/ml &, FE# (K5 &
DOF 2%, ATR% 100 ml/hr OFE CHA L, 5K
HY, BLOROMTHEELIIC OV THEZTT-> 72,
gDt E 7 VN O BEIR ORI R LV — 34 FEseif L b
22 G st 2 BEREE 7 VINICRIA U THEERERICIT W, EREK
I IR LR v,

5. EENEBIEMBECLIBR

EAEHEAERER I, BEEZE 2.5%7 V5 —VT v
7t F-PBS (pH 7.4) BX U 1%MHE{bA R S 7 A-
PBS (pH 7.4) W TEEER =LY / — VR TRk
L, BEfRA V7 S VICiEER, B SEE, A& 77
7 AFERE 2T\ HALBERT S-570 R AR T BEMEI
THE%21To 72

& S

1. BEEBCSIIIEAFRE~OFEEDNEE

P. aeruginosa 29 £ @ silicon disk EE DI HEM: %
Table 1 12753, silicon disk & OB AS 2 FER & %1
WIZb b6, HLOERTHOWITEELZED Sh
120 —H, E. coli, E. faecalis =B L Tz W OEKD
ZOffEMEE (£) UTFTHD, FRFHTCOERONE
HREFED SN Z o T,

2. AF—FLEM ()38 LCHTB

biofilm FRE D EFAKY #7522
RERE & LTI, P. aeruginosa |25\ CTIERTR O

EER I B Csilicondisk NDfEMR(H#)THo 72
No. 210, No.138 & Uf#EH23(+) TH - 7z No. 200
Dt 3= MWz, E. coli B & U E. faecalis iz DWW T it
BRI ES o), ThEVMERIC 2KT %
HINL, EERICH Wz (E. coli: No. 450, NIHJ JC-2,
E. faecalis : H-118, No.97),

Fig. 2, 3,4 |z, P. aeruginosa W5 HEHHLS 8 Wik 7e
5 NZ E. coli WX IR BA YA 24 IRE [ 2 1< $RIX L 72 sili-
con disk ZHEOETEEHSK L2 R~T, P aeruginosa No.
210, No. 138 T3 8 FFfdRIcB W T Tic disk X4
HICEDM#E L THRAB L, exopolysaccharide & b i
% net fR7% W LASER O RRAR OREEY)IC & % B O
v L 2588, T2 biofilm 35gk & v T v
%D EEZ shi:(Fig. 2, 3), G T o disk i~
D fF & M 0K 5 12 P. aeruginosa No. 200 T 1 No.
210, No. 13812tk T biofilm OELHE XK - 72, E.
coli ® 2# (No.450, NIH] JC-2) iz 20 Bt & ©
XS D21 B0 S ko fehs, 24 Fi% T
disk REDIFIZLHEICHOMNEVED Shlz, L LA
SE B @ cell debris D % % R » 2 & O O K # R O
exopolysaccharide OFEfEIZEH & D Tld % - 72 (Fig.
4), E. faecalis ® 2 # (H-118, No.97) Tl 24 Bk
KBV THBAEEONEE2RDLDATH Y, BKIHHE
EYDFAE L S LTIk AR - 12,

3. HEFEAREO biofilm OZ(L

BRI & U iR o) S BR CRIRFHNC 45 v T biofilm
ZIER L, BRI sz (MIC : PIPC 0.39 ug/
ml, GM 0.78 ug/ml) T&H % P. aeruginosa No. 210 %
v 72, Fig. 5 38 & UF 6 12, B DO RERIC 5 W\ TH %
8 IRl EHE L biofilm % {ER#, 800 ug/ml & GM ¥ Xk
U PIPC &6 5 NTIRYEW % 8 IRFIHT S 1% 0D T B 5

Table 1 The adherence of Pseudomonas aeruginosa to the silicon disk surface graded by our arbitrary

criteria
strain grade of strain grade of strain grade of
(No.) adherence (No.) adherence (No.) adherence
213 = 191 + 217 s
212 5t 175 + 199 +~+
192 5 201 +~4 197 e i
215 H~# 138 1 198 b
206 ey 202 +~4 204 t
165 aie o 214 Ht 200
185 -~ 194 + 150 +~ 4
195 + 203 +~4 218 B
210 Ht 211 =Rl 205 b~
135 # 190 i
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#5T. GM 22 ¥R TR, XEOBHTHEDYOE
Kx#ED 3 bOOERK EDBFEHELITED Sk
- 7z (Fig.5), PIPC #fFf & € /2% T3 & & fila-
ment {1t L Ze 45 & $E5t 2457, disk 0 O W E DR 4 &
tLAamL Ttz (Fig. 6).

Fig. 7, 8 1z, HizROIEHIVERK T B A TIR % 8 il
With DWEHR %3, GM {EREE, PIPC AR L b&H
FIHIFIZIEFEOBEBICEL, HEORAIZS S T#EmL
Tuwtr (Fig.7), iz OBERM, 72w LEESO net 1K

Fig. 2 SEM of bacterial colonizations on a sili-
con disk surface 8hrs after ‘contact with
artificial urine containing 10° cfu/ml of P.

aeruginosa No. 138.

Fig. 3 A high magnification SEM of a part of Fig.

2, showing a biofilm formation.

DOREEY TERERRICB W T ZOBIMERSFED 5 h
7z (Fig. 8) . 2 B &A% 20 ug/ml ORETIEH S 72
BEICHIZRAKOBERTH > 7,

Fig. 4 SEM of bacterial colonization on a silicon
disk surface 8hrs after contact with arti-
ficial urine containing 10° cfu/ml of E. coli
No. 450.

£ A3 -
\\' N I\ [ W b
96450 5K ok 1L 0k T 0

Fig. 5 SEM of a biofilm of P. aeruginosa No. 210

after 8hrs exposure to 800 xg/ml of GM.

in vitro REREFIVIC & 3 MM UTI Of4r 721

4. UTI &£
LAUF O EEBR Iz A v 72 3Bk B 13, silicon disk ~ D35
7 6 N PIPC i xt 3 2 B2 Mc X D P. aeruginosa &

Fig. 6 SEM of a biofilm of P. aeruginosa No. 210
after 8hrs exposure to 800 xg/ml of PIPC.

Fig. 7 SEM of a biofilm of P. aeruginosa No. 210
re-incubated for 8hrs in an artificial urine

after 8hrs exposure to 800 xg/ml of GM.

LTid No.210, E. coli £ LTI NIH] JC-2 8L U E.

faecalis ¥ LTk H-118 2B L 72,

1) BERBIURYRLORICHT 2 EMEEE (Fig.
9)

BRI L R L ORICEWT, @ER A PIPC 2
g 2RI S L 72 BB O IRkt # simulate L T i
KB RITo 12, E. coli B XUV E. faecalis TI33EFIVER%
DTG X5 < I S LTV 7248, P. aeruginosa T 13 H
AL D FEREASEESD S, ORI K U TR %
BV T HEROEREHELE L T REME2RIE X h
7eq

-
™
Fig. 8 SEM of a biofilm of P. aeruginosa No. 210 re
incubated for 8hrs in an artificial urine after
8hrs exposure to 800 xg/ml of PIPC.

%, aeruginosa (MIC : 0.39 ug/me)
. coli (MIC : 3.13 ug/me)
2. faecalis (MIC - 1.56 yg/me)
Input conc. of PIPC

Bacterial Count
Concentration of PIPC

Fig. 9 Experimental growth curves of P. aer-
uginosa, E. coli and E. faecalis during and
after the treatment of PIPC under the condi-
tion of bladder volume of 200 ml, no residual
urine and urinary flow rate of 50 ml/h. The
concentrations of PIPC in an artificial blad-
der were simulated with lapse of time to
those in the urine after a single intra-venous
administration of PIPC of 2g to a healthy

adult.
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# 8B, P aeruginosa OIEEEEERP OBEME 7V NIC
PIHR 4 42 I B AT RE 2o K & & OB #0) aggregate 2358 &
547, Fig. 10 12, = 0 aggregate OERBEIHRE R~ L
743, silicon disk o biofilm & [k KEHIRPIE 1 58
o L#aE S OBER A D 12,

2) R LORCBTEEEELOYE (Fig. 11,
12, 13)

PATF 00 J288 T 13 SEFHI ' F 2 O T O BHEFEIC D V> TR

Fig. 10 SEM of aggregates of P. aeruginosa No.
210 seen in an artificial bladder.
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log CFU/m2
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0 12 & B8 8 10 02 1A 38 (18 w20 22
S : Stone Time i

R : Residual Urine
Fig. 11 Experimental growth curves of P. aeruginosa
during and after the treatment of PIPC under
the different four conditions. The concen-
trations of PIPC were simulated to those in
the urine after a single intra-venous adminis-
tration of PIPC of 500 mg to a healthy adult.

log CFU/mt
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2H D 3
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S : Stone

R : Residual Urine

Fig. 12 Experimental growth curves of E. coli under
the conditions described above (see Fig.

log CFU/m2
8 B =S B
iL & —5+ R—
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- | o
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S : Stone

R : Residual Urine

Fig. 13 Experimental growth curves of FE. faecalis
under the conditions described above (see

Fig. 11).

+ 2 728, PIPC 500 mg ik NS8O Rkt % sim-
ulate L TFH S ¥ 72,
E. coli, E. faecalis T3 E 7 )V H CHRAIEH
% OFERTEDS R WA 2SR D & iz, P. aeruginosa T
BRHAEA DD, 2 LOROMTERIRD SNED o7,
Fig. 14, 15, 16 (o @gefEmE 70 & L THW ik K
FKHOEBBHGR LT, P aeruginosa T 1% 4 KfH O
incubate 21 |3, ¥ TICEHEK KM IC biofilm 2R L
THFHE L TH D (Fig. 14), HEHERFEHICEVTHHE
KBOFENED SNt, ZOHRELDFBHICE T 5 IEEK
OREHEEGEDRE X ALtz 4s, HiBo biofilm [F/kk D
% b - 72 O aggregate BEAE T 5 72 & (K &t D
KIEA T CREBREL DD, % L ORDOM CHEMEICE
BixhotzdbDeEZ 5N, —H, E. coli (Fig.15),
E. faecalis (Fig. 16) T3 MK ER AN DS OE O
D3RR 51 B b O OFEMEHEIENC FHAEME O 2 &
2DHTHoT2. UL, &5 CREFHEOD incubate I X
D, WEMERASORE ORI BREABEL, E

in vitro RBREFIVIC & 28 MM UTI R

FERBOBEOBMMIC 52 2B RIX5ITKE k3
bOEEZ 6N,

3) BRROXE

BYIOEF b & TRIERDEAE T 558D H 13
B FIH 5% O B O FERHE 133 & A, # O I E

Fig. 14 SEM of the surface of an artificial stone

incubated with P. aeruginosa No. 210 for 4

hrs.

Fig. 15 SEM of the surface of an artificial stone
incubated with . coli No. 450 for 4 hrs.

Bacterial Count

723
ol \ICBWTHHETH > 12, E. faecalis T, BIRBERE
BT, PIPC OFRIEICHT 2 8EoEW (MBC>
100 xg/ml) HCERK T % & b 2 EHEREO A8
REBORIMETRD 7253, £ ORIER 13— @M TH D,
Z D% O IR A O RERISING S T v e (Fig.
M12:038)5

(R R, W2 TTbR VLR TOEREICOWL

T, E. coli, E. faecalis TIZERRZ L DRI EH W THER
2 & 2@ wash out ZHH1C & 2 —iMEORER D % R

®, REFRICERREFEERICB T 2 B % < & 2 A

H oz, P.aeruginosa \= oW T [FEIBEOMEG %D 7>

& ity

Fig. 16 SEM of the surface of an artificial stone
incubated with E. faecalis H-118 for 4 hrs.

log CFU/m¢
8-
&—— P. aeruginosa
el )
>—— E. faecalis

No residual urine
Residual urine 100me
0

4 6 BHr

Fig. 17 Experimental growth curves of P. aer
uginosa, E. coli and E. faecalis under the
conditions with or without residual urine of
100 ml (bladder volume:200 ml, urinary
flow rate: 100 ml/h).
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B, BERHD, 7LOROMOEBIIMOBEEIZEKS
BT, £ ERRR LORICBT 2 —B/EOREBO
WYL ED - 1z (Fig. 17),

% =

GEHD in vitro HEBEERIEE 7 VI B 1 % AR
£ | IfiL e @ipfiE 4 simulate L72d O TH D, dilution sys-
tem % filu> T\ % 728 medium OFFFEICHE S system
6 QBT H AT &5 N te LI Iz 2h S O system
% i v THEH O R g i 4 medidum H 2 simulate
T A, WEARA MR EERERIC L TFELL
KEWY, FRCHES BROESEEL 55, —7H,
HH DBHE I B T2 OEERBHRIGSEC,
12 UTI CRREEKEIE T B X CRPIC B 2 IERR A 5
DR S Tg BE 4 AP hBRtEE 72 £ D RFTRIG, B O
AU B O S, i & v o e BRI N
Z, HERRCHE S W O bR K X <L T
WabDEEZBND, In vitro DEBRRICBWT, £&
[t It % € 7 A 2 BIIBENIC IZREETH 2 b D
O, HERICE b 7 D W OPEBRERE & HUA L IIATRET D
Do

MHECOEESEZ, REEEE T 2BERET Vv 2
HUAA 7 UTHRRERIC DV TOMES W O REZ
F 542978 55, T4 S DE T IVRITIE, PEERERCBEDEE
FIVN D ERR % e HERE T % 72\, drainage tube ¥
Bz b &7 D ERIOHEE L iz £ v dead space BTFEETS
%, stirrer % £ ORFADREENEY) & FRRCE O,
W DB L), B E R B LZ TN H 572

FOMEDH D, SEE 721 in vitro UTI ihEFEERE T
WEERLI,

ZOFLWE T LRICE W T IRPEREE % system Y
AL & b O BEREE 7OV ISR, B
LOA, H50iEHT—7F IVET NV TH% modified
Robbins device % ##i 4 2 #ic L D, fliz OBHEMRER
JEYUE DI HE % simulate $ 2 FHEAREWC LTz, %72, B
BEE 7 LN TN B S AT L 7RG, HREERD
il o TRELRIZT EEZHNLOT, B
EFANEA7 L) > a— b 2H L0 NEOBUKME
%o 7z, & 2 [ARE DB H 2 & BB E 7T VNI stirrer 72
EOSIIFAR T, HREEEBRRCERIDMER LI < v»
dead space ZkD S5 2%, BEBEE T LS outlet
valve [ll® drainage tube 3P RIS L7z, 28 D
PIPC #ifc N #5585 0 bR kit 2 simulate L 7z <
EROFSH P. acruginosa DAS O BRI T ZEFIERBROE
OFER R MM S TH D, £ FILHNIC dead space

BFLALBFEELRVLDEEZ oM, HERERET IV
ELTHRSFERICIHAZ bDTH S EEZ 6T,

SElfT o 1 RE A T — T VFEM T H % silicon disk ~
DFEMEORE T It P. aeruginosa 1238 W TR E W
M %2R 1248, E. coli, E. faecalis TWEERHTOR
BEOMEBEA#RD 8 Holz, % 72, modified Robbins
device # fil v 7= EERDOFESE, HHREHE T silicon disk (i}
#3 % P.aeruginosa TIX I biofilm %2 L 72 43,
E. coli TRfI#EcRIMEE L, E. faecalis T X 24
MBI BLTHRELOMNENRDSNLDATHY,
Zh & OB FET X exopolysaccharide M EEA: % B b &
L ERAM S b, BEEL RN (24 ) CTRBES
BLTRED S 7.

FREZREHYIE O FhiE |- (R FH B O IREIEA~ O3, 7%
WLUEEBLETHY, FORRELLTED HEMO
adhesin &, BRE&ARET % 5T 2 LA E O re-
ceptor & DT ORRMKE G B & U 2) MIB & FRECH B
DREE R £ OFFFRIES RIS D, (EL
B OB IC X D ERH D b OO, —MICTEES
BHICHEBT 20 BEL L THIEORETHY, ZOFE
Rz DRIERIGHAE U, BRI 2 E AR O HERR 03T
bhd, —}, BEORE A4 Y RECHEMO
exopolysaccharide 7z £12 & - TN &N 523, JiHED
RIS I HIR S 5 & % OSSR S HREE <,
EHHUE o AT b AR O KGRI 3 2
SNTWVEY, HhEOREARIERRZ VLR E 7
F—TF N EIED £ T 5 RN RMEER O S EHE
UTL e B3 2HOMEEREEZ SN, BEICZhSOD
FEBITRBIERIBIZZ LWL DHF v,

S O LR o AR 12 (55 L, % 72 biofilm %72
T3 & EiklE, HERRIC X 2 O wash out &35
AFRHERR SR & 5 TS 2 7 — 7 VRN
T3 ERICE E, FRREBENCEELRCE
WTHBEICRERGEZERLICS WEEEKL TS

N, BRichb 2 BOEFELTREICT 5. N5 IZREE
b BORGEE 00 f B A B £ Rf 7o e v Pl aeruginosa
73, 1PN UTL, $Rcn 7 —7 VEESID 5 R
SEEE NS FEAFKO—DOTHELEEZLGND,

P. aeruginosa 13, 5% 5 { ik b BN A BEIH CH 5
LEZONTHEY, ZOEBNIMCIEEICIHL S HHE
F11E, RSB ERIERFIATE2FICMA T,
th D AR 2 f1#5 L T biofilm 2K L, % OHTH
BT B & DS S OB T ont LISHTME A RO
LT sz, biofilm OAKBHEDOEET B
exopolysaccharide matrix (glycocalyx) \ZHE#EHS %

in vitro REREFIVIZ & 28 UTI 04 725

S MR OFEL OEIE, & 5oty
NEHINT-H DL SN B P geruginosa DIEL:
¥ % glycocalyx O C > T |F, mannuronic acid
& guluronic acid ®KY) v—T&H % alginate 25% D F
13RS Th B, 0 aluginate 1, A a4 FE
P. aeruginosa DPELET ZHEME DS TH D919, A
a A R8P aeruginosa &, 1SMEVERERERYE D & 5F
WIS NTWS', £, EHHERELDSESAT
Pseudomonas sp. DEAEIEFEO 38, SFHIEERIC BV
T % OFE8 1 glucosamine £ & U glucose ##o &
ZAFY—ATHRENTOURELIRED L H D,
UTI kD P. aeruginosa 344 % glycocalyx 4
DFFHIC OV TIRSHRORE 2L 720,
biofilm %k 3 2 BiASL @ glycocalyx (3, Hifiok
A4 e LTOWEERS, EEREAOMH M
510 TIEEL, —HOA 4 acliE s L CERT 2
EEZ BN, OFMICE D BOMEES L AR
% biofilm WIZHGALH S TE 2 L Wb T3, %
72, Vo 7z A biofilm BSERL & LALIEHTEE O H ik~
DEFENHES NS L LY, iFhBRic L 28R FlE
MR 3 2B E LKL TE T3 2202020 5k by, 4
RN THEGE L 7o 23 biofilm 2R L 72854, # DOk
W c N TH 5,
modified Robbins device % Fjvs 724 [al O fa b5 &
D, Loz AR &Ntz biofilm ZFEHERAE OB IC 0+
% MIC @ 1000 £ 24 L o> & i B o §1 s Al 8 500 % 5%
Lo 2OT LW, 7 -7 VEEEFICETHT—
7 VRN biofilm 234K & WA, Wi 2 {baEHE
HEE{T-> CHOHOBERIIES NN & 2RIBT 5
bOTHY, REWES T —7 VOFAE IR N E D
RO UTL b B L USEFBMNTFTHL b D E#E 2
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