An Experimental Study of Bacterial and Crystal
Adherence to the Surfaces of Urinary Catheter
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Abbreviations : cfu, colony-forming unit; HE, hematoxylin-eosin; HI, heart infusion broth; HPa, aseptic
heparinized polyvinyl; HPb, bacterial heparinized polyvinyl; La, aseptic latex; Lb, bacterial latex; MAP,
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Fig. 1. Scanning electron micrographs of sterile latex disk 3
(A) and 5 days (B) after insertion. A (X2,500): fibrillar
materials, amorphous crystals and erythrocytes are
observed. B (%1,500): network or mesh fibrillar materials
in association with crystals and erythrocytes but not
microorganisms are observed.
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Fig. 2. Scanning electron micrographs of sterile silicone disk
5 (A) and 7 days (B) after insertion. A (Xx3,000): fibrillar
materials and crystals are observed. B (x1,500): network
or mesh fibrillar materials in association with crystals and
erythrocytes but not microorganisms are observed.
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28H# TS, 74 7V vERPBEOMNEFIFABRE O
EEFE S (K3). e, WThD a5 —FAMBHEEICEY
Th, 747V YRBRWEELEARD D L5 RS OFE S E
B2 hic.
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HEE2 B L5 T v 7 AP (bacterial latex, Lb) B,
Y 2 v # (bacterial silicone, Sb) BRI OR Y € = — L [T
(bacterial polyvinyl, Pb) #f T2, FIEEEI, £BEICI VT

930932 5KV xi.BBk 16.6um
Fig.3. Scanning electron micrograph of heparinized

polyvinyl disk 28 days after insertion showing crystals and
blood cells with little fibrillar materials (> 1,800).
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Fig.4. Scanning electron micrograph of latex disk immer- Fig.5. Smear of incrustation around a disk treated with
sed in a cell suspension of P. mirabilis 3 days after goat anti-rat fibrinogen serum showing specific immunoflu-
insertion showing fibrillar materials in association with orescence (X 400).

bacteria, leukocytes and crystals (< 4,000).

Table 1. Number of rats with stone formed around the disk in each group

Number of rats with stone on

Group” lday 3days 5days Tdays 14days 28days
La 0 (5 0 (5) 1(5) 2(8) 5 (11)* 10 (13)*
Sa 0 (%) 0 (5) 0 (5 0 5 (1D)* 9 (14)*
Pa 0 (5) 0 (5) 1 (5) 2 (8) 6 (11)* 10 (13)*
HPa 0 (5 0 (5 0 (5) 0 (5) 2 (10) 5 (15)
Lb 0 (5 1(5) 5 (5) 6 (6) 6(6) 6 (6)
Sb 0 (5 1(5) 3 (6) 6 (6) 8(8 T(T
Pb 0 (5 1(8) 5(5) 7 (7 6 ( 6) 8 (8
HPb 0 (5) 1(5) 3 (6) 5 (5) (" 9(9

a) La, aseptic latex; Sa, aseptic silicone; Pa, aseptic polyvinyl; HPa, aseptic heparinized
polyvinyl; Lb, bacterial latex; Sb, bacterial silicone; Pb, bacterial polyvinyl; HPb, bacterial
heparinized polyvinyl.

b} Number of the rats examined.

*p<0.05 compared to HPa group by Fisher’s exact probability test.

Table 2. Weight of stone formed around the disk in each group

Stone weight {(mean=+S8D, mg) on

Group” 3days Sdays Tdays 14days 28days

La 0 5 @y 6+ 4.0 (2) 41£24.5 (5) 59+ 43.5 (10)*
Sa 0 0 0 26+17.6 (5) 83+ 95.5 ( 9)*
Pa 0 5 T+ 2.5(2) 44+16.5 (6) 76+ 62.2 (10)*
HPa 0 0 0 12+ 7.5 @) 124+ 11.2 ( 5)
Lb 5 (1) 24+ 7.3 (5) 83:£65.4 (6) 126447.7 (6) 35243405 ( 6)**
Sb 5 (L) 32417.0 (3) 4625.4 (6) 98+41.4 (8) 206 65.3 ( T)**
Pb 10 (1) 30+15.1 (5) 73+41.4 (7) 120+53.6 (6) 140+ 62.8 ( 8)**
HPb 5(Q) 18+ 7.3 (3) 49420.2 (5) 63+22.7 (7) TT+ 34.4 ( 9)

a) Refer to the footnotes of Table 1.

b) Number of rats with stones. :

*p<0.05 compared to HPa group by Kruskal-Wallis test. **p<0.05 compared to HPb group by
Kruskal-Wallis test.
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Wik, 7TEEF CREABE AED LR, MBS 1GH
54 (45%), 28 ARz 14fl 9 B (64%) 12, Pa Bz B\ T
W, 7T EBC 8RR 241 (25%), 14E #1161 6 # (54%),
28E BT 1B 1061 (T7%) W, F/o, HPa B TR T HEE T
BEDH LAY, 1AAEIC10814 2 §1 (20%), 28 HEIZL154]+
5 (7 (33%) DIEEAMEIBRD I, IAHBLBC R Cfllo 3
B LAEBCEVCEAEHEL R L (WFh b p<0.09) (&
1). AEEEOWTIL, HPa BOEEN2SHBI BT
ORI D HEEOREMA KR LL (WTFhid p<0.05) (E2).

2. B

WAREHE, Lb FET, 3 B 5 #id 1 #(20%), 5 HE
L epiciBobhtc. Shb T, 3 HE S Fl 16
(20%), 5 H&w 86t 341 50%), 7 HEUBIZ IR S
b, Pb BETIE, 3 HEC 5 flH L #1(20%), 5 HEELIII 4
#liz, ¥z, HPb B¢, 3 HEIC 5 fiR 1 6 (20%), 5 HE
I 6 B 3 1 (50%), T BB EMCREATELARD B
iz, FEABEECOWTE, 7 HELUE 4 BRCEEETR
dhhieh ot (B1). EEEIC>VT, HPb HOESR
2, 8HBICESWTHOBEX W EEOEMERLE (WTFhd
p<0.05) (£2). 7e3, WEMB OO EEIMEMCILLY
BAKE L, WThOMBHOMBC SV TLHEDOEES
AL,

V. K pH

BHEMEEOR pH WHENMC L ABEO&MER L. BE
BicswTd 3 ABUBIIEROK pHick LB &Y
AL (WFhd p<0.05) (% 3).

V. BERS
REEDFERDE, BWER, WEBALFE L 2060 MAP ThH -
7.

Table 3. Urine pH in each group

Vi. MIEEHEE

BEHCKEOTUL, BRIOREERELLCTXTORET
M Thotr. BHEARCEWTL, BRIOERERE DK
TRTOKE LD P. mirabilis NH#ES h, BRI SH IR
Tehs otz

VI. BitEOREHEBSHRE

1. HE %

Fig.6. Light micrographs of the bladder wall in sterile
group 5 (A) and 14 days (B) after silicone disk insertion. A
(x250): edema of submucosal layer is observed. B
(% 400): mucosal thickning with little inflammation is
observed.

Urine pH (mean=£SD) on

Group” lday 3days 5days Tdays 14days 28days

La 5.7+0.01 (5) 8.7£0.01 (5)* 6.6%0.17 (5)* 6.5£0.47 (9)* 6.410.45 (T)* 6.440.25 (10)*
Sa 5.74£0.13 (4) 6.7£0.18 (5)* 6.3%+0.16 (5)* 6.6+0.27 (M)* 6.7£0.55 (8)* 6.840.45 ( 8)*
Pa 6.9+0.12 (6)* 7.0%+0.10 (4)* 6.8+0.05 (5)* 6.7+0.06 (6)* 6.84+0.09 (8)* 6.80.04 (10)*
HPa 6.6+0.06 (5)* 7.040.01 (3)* 6.81+0.04 (5)* 6.7£0.06 (6)* 6.8£0.05 (D* 7.0£0.15 ( 8)*
Lb 6.3%0.02 (5)* 6.30.09 (5)* 7.5:+0.12 (4)* 7.3+0.12 (5)* 6.9-£0.26 (T)* 7.6=+0.50 ( 5)*
Sb 6.440.02 (5)* 6.24+0.09 (5) 7.1£1.02 4)* 7.2+0.13 (5)* 7.3%0.22 (M* 7.1£0.34 ( 8)*
Pb 6.9+0.05 (5)* 6.9£0.05 (4)* 6.940.03 (4)* 7.0£0.05 (6)* 7.0£0.06 (4)* 6.940.07 ( 6)*
HPb 6.6+0.06 (4)* 6.740.04 (4)* 6.9£0.06 (3)* 6.910.03 (4)* 6.9+0.08 (4)* 7.240.30 ( 6)*

Control group, untreated rats; urine pH 6.0%0.31 (n=10)
a) Refer to the footnotes of Table 1. b) Number of rats examined.
*p<0.05 compared to control group by Kruskal-Wallis test.
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RGs@Es bhic. Tiobhh, BA3 BHIL, BETERE,
Himk X USEAnNREZENEDLh, 5 AR HIERARD
ATz (B 74). 7THHBIE, BETREL LD
AR L, UEBICIXREOBRM, BEE R
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B»hhtc (B 7B). 280 I, ¥ EEMROLBILEEBTO
HT, BIEFREAEHOEN L ABEORELR DAL TH -
7z.

2. BENED AT VB

P ARTICIT, BERCHEIE R DA Bw, FHRECHT S A4

Fig. 7. Light micrographs of the bladder wall in bacterial
group 5 (A} and 14 days (B) after silicone disk insertion. A
(x250): submucosal edema, bleeding and leukocytic
infiltration are observed. B (Xx400): mild submucosal
fibrosis and mucosal thickning with lymphocytic infiltration
are observed.

FYBREDOR (M), MABIZI, REME, HEHM
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VavAREIRTWAZ EnD, SEIDERITZFTF v 7 2%k
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EAFARLEI C=-ABOL0HFERL, XY E=-1H
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Fig. 8. Light micrograph of the untreated rat bladder wall
stained with alcian blue. Positive staining of bright blue
coloration is mainly confined to the mucin layer of
superficial epithelium (x200).

Fig.9. Light micrograph of the bladder wall stained with
alcian blue in sterile silicone group 14 days after insetion.
Alcian blue-stainability of mucin layer disappears in the
epithelium (X< 400).
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F-FAERL VBB ER, FOKRBEIRKMORAE LI
BACREATHLOD, HE0HETY 0.0018K/cm¥/min @
~RY VAR ATV AY, SEOEFEIRETOHRE T
12, HPa BEOHBRE~D 7 4+ 7V v O EREZH B ZHL
L, TORBEMABHEOKARMNEYOERED28HK THROM
B oEBECEMER L. BRMARETIR, SHBROBA
BB BEZEIRD bRt -kd, HPb OB A EER
fhoMsE L n EECEERY R L. BEOSEL Y, ~Y v
BEMMENTT 4 7Y v OFABRE~DMAEFELIET S Z LI
b, MBEEORANELLERBCEI ERDIDEELDL
.

LIAT, BBEIT—FTADRERONBIY V7 —-EHEME
PETHRESFEAENFBECEE LTSI ERH05R T
B. ki, MAP i h L v v ARBBEDORE S {bIc i P.
mirabilis #RFELTERESBMEC L H7 v E=T DEL,

FRIEEIROT B VL, THICEARICESI RN
HELTED, FO, MAP XU L vy ARBEEY
FES ETHRAIREREL L LTN T 259, SEOE
ERIZ i\ To P. mirabilis 1%, BEOEMAY, HrED, g 2
Sy b EAGCEERMN ETUHBTRBAETAVHERA LD LR
CHEHKT, BRETOMABEHEY MAP #£ABFERT L D O
KOERET, WThOERTH MAP »ER4 &+ 5 RBER
DOREXBEDTS, Fio, TEYNL, KEEI RV LT — ¥
EUYETHZERHMALTCVS. SEOERTYL, HEME
TEBCHKEAVRERD, RELOKGH LD P. mirabilis i
BHER, »OR pH o7 s Vb Tunie. ZORR
11, RBEEBY T —F A BECKT 2 RESFMEC X 5 BY
12, BEMRERETAZEERLTWAELDEVEZ LS. —
B, BEMCIAicnd OORERIC BT L SBARREICE
AEEABED LR, ZhbOR-ADESIETXTMAP T
7z. Grenabo H® i3, RBRMCEMED 2+ VEAEEAT S
L, I MAP BB E LT RB EBEL, ¥, &
BRIV A Z Bk b, MAP & BRFIREK /o
BZETHHBEYR, LEMBACETEY LT —E0EFEXR
BT AR L ADRLY, FOBFIZOVWTOEE > RIE
BWERRIATWARYL., SEORE T, BEARL 0 IER
ETHDHIREMIBRFEAROR pHiZ7 v V{LOMEBERL
T, TARV{EDREE LTHAER L 2BHEOR ALY
BEZbRAM, SHELICEFTILERDS S .

BERtBED 4 5 vBIL, BEREPIRC A - fo B R BRI IR D A
&, MIEYELDAAT A5 v ERBMEEL D HEEL, Thy
v L (wash out) BB X b EREA~BEET A Z S & D
BEEFHE LT B E0BRERD AP, —F, 25 VRBIIHHE
D ERIRETHZ LD, BREGHEELTWDLOHED
BAEY TR LTL, BRED L+ v BOMRIL, HEM
D RS AEREDE F e 27 53D &E 2 BT
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Abstract

The processes of bacterial and crystal adherence to the surfaces of urinary catheter materials and the histological changes
of the bladder wall during material insertion were investigated in Wistar rats. An experimental model of an indwelling uri-
nary catheter was produced by insertion of the disks (latex, silicone, polyvinyl or heparinized polyvinyl) 3 mm in diameter
and 1 mm in thickness, into the bladder transvesically. These disks, sterile or immersed in a cell suspension of Proteus
mirabilis isolated from a patient with renal infection stone, were extracted from the bladder 1, 3, 5, 7, 14 and 28 days after
insertion. The surface of the disk was investigated bacteriologically and observed by scanning electron microscopy (SEM).
To identify fibrin, the smear of the disk was examined by immunofluorescence method and the bladder wall was examined
histologically, including alcian blue stain, for the mucin layer. SEM study showed that fibrillar materials adhered to the ster-
ile latex 3 days, and to the sterile silicone and polyvinyl disks 5 days after insertion; increases in fibrillar materials were par-
alleled by increases in crystal adherence. However, a small amount of fibrillar material adhered to the sterile heparinized
polyvinyl disk during the observation period. Immunofluorescence study showed most of the fibrillar material consisited of
fibrin. The sterile heparinized material group showed a significantly decreased incidence of the stone formation and stone
weight as compared with the other sterile material groups (p<0.05). SEM study showed fibrin, bacteria and crystal adherence
to the surface of each disk immersed in a cell suspension of P. mirabilis, which formed a biofilm. Histological examination
of the bladder wall revealed the disappearance of the mucin layer during insertion of the disks. These results suggest that
early adherence of fibrin to the surfaces of indwelling urinary catheter materials plays an important role in the development
of bacterial and crystal adherence. Therefore, heparin inhibits the adherence of fibrin, resulting in decreased biofilm and
stone formation on disks of the heparinized material. Additionally, it is thought that in addition to the biofilm formation, the
disappearance of the mucin layer of the bladder wall may cause a predisposition to persistent catheter-associated urinary tract
infection.




