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Analysis of repetitive mechanism in Escherichia coli
derived from repetitive urinary tract infection

Hiroshi Hasegawa”, Yoko Mano® and Nobuhiko Furuyam)

Summary Urinary tract infections are caused by Uropathogenic Escherichia coli (UPEC), and
mainly treated with new quinolone antibacterial drugs. However, half of contracted women
experience relapse within a year. Approximately 80% of E. coli isolated from recurrent patients is
caused by the same strain as E. coli which caused primary infection despite appropriate antibiotic
treatment. However, since its mechanism is still unknown, we investigated drug susceptibility test
and cell adhesion / invasion using human bladder epithelial cells (HTB-9) in order to explore
factors of recurrence did. Three E. coli strains (BK1, BK2, BK3) derived from recurrent urinary
tract infection and one E. coli K-12 (ATCC 10538) strain were used. In the drug susceptibility test,
BK1 and BK3 showed resistance to new quinolone antibiotics. In addition, BK2 and K-12 showed
sensitivity to all the drugs used. We investigated BK1, which had high drug resistance rate with in
vitro bactericidal effect. In GM and CAZ it was sterilized by 24 hours, while CPFX showed no
bactericidal effect. In the investigation of cell adhesion and invasion, it was revealed that K-12 had
adhesion but no invasion. On the other hand, three E. coli strains derived from recurrent urinary
tract infection had higher adhesiveness and more intracellular invasiveness than K-12. Therefore, it
was suggested that UPEC invaded and latent in the cell, and the remaining bacteria were one of the

factors of recurrence of urinary tract infection.
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PREGISGSE & 1. B, W5l JRE. IR %
EDROBEH R AT ATEG: L RAE &S 23
BB TH Y BHEVEIRERIEGSE & BLRIPER B I
YERE I B S B0 B PR I B A (i
7 AR b MR L 2\ BRGEIE THIS50 % D 2
W—HEOMIZA R EDIMITRET L E SN
TW5DY HHIE IR ER AL D80 % Lh B 13K
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E=a—F /0l RPHEEOHEGTH Y. B
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M D25% D5 PAELLNIZ, 50% 25 14E LLN L2 7
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B EGL R I S 2l & R — O KB IR C
HHEDPHE SN TVEY Y, JTETIE, H
BTt a—F /0 VRIS ICHEZ R Tk
FH B DB ASHE TV B9, B BR 1%
REDBEN L EE SN KIBR O ) b= a2 —
F 0 RPN EZEA20% L FTh 55
Ay FoEAHUNIC= 2 —F /0 v RIUH
SOV GIEDS & 5 Yy A 38 IR o B = ikt
7 ARMHEORIIH G SR I TV D
Vo F720 WOR CIRBKEAE DR T FH &
BLOICSTERIR —a—F /0 v RiE#E S
2, BOE=HA Y 7 = 2 R PR SR &
TOREMWRGIITONTHEY 0, L L&)
LEDVETIEOMERER EOh ¥ D FRERAIER
PR 9 & o 7 EIEH R HUR A~ O Lo
BE XN 72oWCk TOEBEIHIR S hTn
LW,

KIBH L  OEFBAMREE 2T 25
DO—FETH 575, KW O T IREERE A
J % (Uropathogenic Escherichia coli; UPEC) &
MHEN 5 —EOWAS, HE L) REB X ONERE
BRI ERS Ly JREEE 14735 2 & Ttk
RPELBERR CORBERIGEL G SR LS
TV B2, fER. RIGHE ISR Ak 252
VAT, UPECIZIZALARE AEDSH D . SRS D
ENPSENSNTHEDTIE R WA LS
T 5%, UPECIZIREEIZHRT 3 2 WK %
FoThB), Zhbidfts. BRACHEEGT 2
type- Lt & R Ml I 37 1 % % 2 « -hemolysin® 2
L ERHITHNEY, £/, type-IFEEIT E b
fEEi BRI D b O A AR L TR AT 2

LoHELH LS, MFLEAEIC D WToOHE
ZITEAER

Z I CHRA L, IREEBEYSETF RO ER % R
T hH70. EREERBE v B LA
¥ (HTB-9) & 7= KW oMile 5t L &2
ANEZ DWW TR & i L 720

I 75k Eps

1) AR & A

et & LCon HLIWIZ2[mILLE, & %\ id
VAR DL 3TE] DL SR ER S ALAE D FEFE A A S L7z
70 ~ SO AL DR LA & e S 7 AR
PR 1 1 G i H 2R AR Eschelichia coli BK1. E. coli
BK2. E. coli BK3, f# Ik TINFEMEDE. coli
K-12 (ATCC10538) & Fv3 /2o 72, > hba—)b
\ZAXAEHERR T dd B E. coli ATCC25922% V72,
ML e R b R Al H 3k @ ATCC HTB-9
AV
2) f R

Piperacillin (PIPC. #H AL L3, HE).
Ceftazidime (CAZ. HEALEL T3, H5H0),
Cefazolin (CEZ., HEILK T3, Hu) .,
Ceftriaxone (CTRX. Sigma. USA). Gentamicin
(GM., It TEMA A, KR .
Ciprofloxacin (CPFX. FIGHi3E T3 x4t
KBR) . Levofloxacin (LVEX. LKT Laboratories.
USA) D7HHF = Hv /2o
3) FEHES R

KIE @ Clinical and Laboratory Standards
Institute (CLSI) OMI100S-25" |2 U 7z fi i ik
A RS TR/ E BLIE % (Minimum
Inhibitory Concentration; MIC) =il L7z $T
B3 % $i 4% | 72Mueller Hinton Broth (HZA&R~X2~
M TFa oy F Y A& KR A~
McFarland0.5 (1.5 % 10° CFU/mL) |Z#i% L7218
& & 51210065 A (1.5 X 10° CFU/mML) L.
A 1235C OIS T TI8IE R L MIC
fli % PeaE L7z,
4) in vitro T D E R OMES

CAZ L CTRX % [z { D SEFN 5 L Tl %
R L72BK1Z X5 & Lin vitro DR R O
B gER L 72 RIS BE 21310 % JEBY AL T
AR IME (10%FCS. Invitrogen
Corporation, USA) /. 4500 mg/L7 )V I —
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A &4 ORPMI-1640 (High-Glu) (F1SGHLSE T
St KB 2R L7z, MICRLRIZHR
L 72GM (500 ug/mL-250 ug/mL).CAZ (50
ugmL - 25 ug/mL)., CPEX (100 u g/mL - 50
ugmL) %Nz 7225 AN R #234.5 mLIZ1.5 %
10° CFU/mLIZ FR%E L 721 % 0.5 mL3BAE L & 14
RIROMBES AT o 720 Br2E3MEH . 6FFMH]. 248
MRS mIER 2 W CEFREONEZ
1To72,

5) & MEEb RO S 2O

%‘;J‘W)*l@)

10% FCSRMRPMI-1640 (High-Glu) &
HTB-9% 24well 7' L — M 24 iE L. 37C. CO;
g L7z MR ERIZ#94 % 10" /mLIZ 72 B X 9 12
HEE L 72. #94x10° /mL |2 #E L 7-HTB-9%
24well 7" L — MIZ1 mL3EHE L, 37°C. 48 i
COH57#E 1720 10% FCSA ) RPMI-1640% 35 C .
FCS free RPMI-1640T3 R, 4 IZFCS free
RPMI-1640%900 u LR L 720 welllZ1.5 X
10° CFU/mLIZFR%E L 72 Wi % 100 u LIRINT. 5
B RUS S 720 RUSEROSWBE MR T 572
WLB agar * HWTHEX T o720 V) v RE
ABRAIEIK (phosphate buffered saline : PBS) %
Fowell N &2 3MIEEE L. SRS T O W B E
1ZLB agar% > TAT\VHTB-97> & # 8 L 72 B
Boaemt L, Mlicfig, M@ ALEO
AR KD,

W2, in vitroT D K H &) R O K ES 2> HFCS
free RPMI-1640T300 u g/mLIZF1% L 72:GM%
Ve L 7zwelllZ Z L2401 mLgs IR, 24851 K
5 &, HTB- MBI OR % W & ¥ 720 K
IBHBEO EETICT X TORBBEH SN2 L%

LB agar® fl \» THERE L 725 wellN ZPBS 1 mL
T3EGEE L. 0.5% IZFA%E L 72 Triton X-100 (X
YA AT T AT A4 w7 A&, TR
U0 EiR T M S & 9. HTB-9% fii%
L 72, LB agar% > CTHTB-9N |22 A L 72
WHOBEELEITo 72,
6) b AR ARGt |2 L A MIaPE A O

b Mg LRI (HTB-9) ~of %M. 12
AVEDOWE & FEED 57 TBKI#E £ 300 1 g/mL
DGME HFCS free RPMI-16407% 75 Al L 2485 [
FAE 7o, BrE A B2 LPBSTHEE. £ %/
— VEER, Rz fior, Pz pigt
ELTCHIREET 7 2 VR, ofitdia s LT
08%~ T /1 A MR xR\, Jetuth, o
M COMBBOBIE 21T 5 72,

. #HE

1) SEEH BB

BCAE P PR B % G AE H R R @ 9 BHBKI1IE,
PIPC. CEZ. GM, LVEX, CPFX|ZMi{: % /) L 72
BK3IILVFX. CPEXIZMH %2 /R L2k L.
K-12. BK2IEA TOHRIEII L TEMEZ IR L
72 (Table 1)

2) in vitro T DR R R OIET

SHNEZ AR R LD . BRUZBIT B3
FITHPESRATE 2 o 72 72 O BRI A 9 5 BEH A H
DWW THHNRE OB & LI L 72,

GM. CAZIZB W TR, S T4l
MBI EB RO 572 CPEXIZBWT
VR . R SR V224 RE [ P2 L AR B R SRS RE
B HNTA o7 (Fig. 1)o CPEX® &1L 7

Table 1 Drug susceptibility test by broth microdilution method.

PIPC CAZ CEZ LVFX CPFX CTRX
ATCC 2 0.25 1 0.008 0.008 0.06
K-12 2(S) 0.25(S) 2(S) 0.25(S) 0.03(S) 0.015(S) 0.06(S)
BK1 512(R) 0.5(S) 4(R) 128(R) =4(R) 22 (R) 0.125(S)
BK2 2(S) 0.25(S) 1(S) 0.06(S) 0.03(S) 0.06(S)
BK3 1(S) 0.25(S) 2(8) 0.5(8) =4(R) 22 (R) 0.05(S)

(ng/mL)

S: susceptible, R: resistance
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BK3 CIIHEEDTED LN o720 FRAFZFEDS
F b O SR AE T IR AR <
VEERIRDBZ LW EBHL N E o7z,
4) Bl bR~ R APEO IS
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Fig. 1 Bactericidal action against BK1.

GM, CAZ were sterilized in 24 hours. On the other hand, CPFX was not sterilized in 24 hours.
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Fig. 2 Remaining rate.
BK1, BK2, BK3 remained significantly more than
K-12.
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Fig. 3 Invasion assays.
After addition of Triton X-100, invasive bacteria
were observed in BK1, BK2, BK3.

Fig. 4 Gimenez stain.

In BK1, invasion of bacteria not observed in the control was

observed in the cells.

1: Control HTB-9 2: BK1 addition HTB-9
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