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ABSTRACT: Catheter-related urinary tract infection (CAUTI) is a common infection in hospitals, accounting for up to

20%-30% of all nosocomial infections, which greatly affects the quality and health of patients. Urinary tract infections and
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blocked catheters are mainly caused by the following processes: Urethral infection induced by urethral mucosa injury and
invasion of external pathogens are the main sources for CAUTI; bacterial colonization and the formation of biofilm; expression
of bacterial urease and catalyses conversion of urease to ammonia and carbon dioxide; elevation of urinary pH and local
supersaturation and precipitation of struvite and apatite salts; formation of crystalline biofilms and obstruction of urine flow and
catheter blockage.

Based on the formation of biofilm and deposition of inorganic salts on catheter, researchers have proposed many methods
to prevent CAUTI to realize the antibacterial and anti-blocking capability, such as catheter surface coating, structure design of
the catheter , short time for clinical use, etc. There are different methods, directions and ranges to review and conclude the latest
research progress concerning the antibacterial coatings on urethral catheter. For example, it can review the research progress
from engineering and medical perspectives in prevention of encrustation and blockage of long-term indwelling catheters; it can
also review current understanding of bacterial biofilm formation on urethral catheters, crystalline biofilm formation as well as
approaches that may be used to control biofilm formation on these devices.

This paper mainly reviewed the research progress of antibacterial coating on ureter surface from physical modification and
chemical modification in recent years, especially paying attention to the antibacterial activity and anti-blocking effect. The
physical modification methods were mainly aimed at inhibiting bacterial adhesion, and acting on the initial stage of bacterial
adhesion, colonization, proliferation and biofilm formation. The physical modification method usually used polyethylene glycol,
bacteriostatic enzymes or polyzwitterion hydrogel coating to wrap the surface of catheter, or modify the surface micro-nano
structure of the catheter to achieve the effect of lubrication and reduce the inhibition of bacterial adhesion. Chemical
modification methods were based on the direct action of drugs or proteins on bacteria, which can affect the whole process of
bacterial adhesion, colonization, proliferation and biofilm formation. Chemical modification methods mainly summarized the
substances that can directly act on bacteria, including molecular pump inhibitors, antibiotics, nitric oxide and antimicrobial
peptides, and attached these drugs or factors on the surface of catheter to achieve bacteriostasis, and prolonged the plugging time
of the catheter. On this basis, by summarizing the current research process of antibacterial coating on urethral catheters, the
function, antibacterial mechanism and validation of urethral catheters in the future were prospected in order to provide some
guidance for the selection and design of urethral bacteriostatic materials in the future. It mainly included: multi-antibacterial
mechanism can be used to reduce bacterial resistance and prolong the effective time of indwelling catheter, and the important
factors during the process from bacterial infection to catheter blockage can be real-time monitored. It can transform the current
continuous passive release of drugs into active intelligent release, in vitro culture can be combined with in vivo experiments to
test its effectiveness.

KEY WORDS: catheter; surface modification; antibacterial; lubrication; urinary infection
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5% AT BB A4 S AR T AT B Bk e, S5, B
G TR A B G T BELIBT IS ), P AR B R,
FATEAESEREDL T A RHEK 8 d, ERISLIRZE R,
TETE Sy 52 2% 1 27 5 78 T FF TRT R4 3 11 SR 17 A0 A= 4
JR e S rp 3 S (R IR W B A4, FE 48 h N AR
SR T 99.9%. Lehman Z5B48F 5% BB, &
I T % X052 VG 7 9 T Ak L A0 e ) /K O T 0 2 54
L 31 EL AT B TR G P o 7K M B 7 A T i Ak B
TR TR A A A o 1 SR TR R A S AR T T AT I W R A
HEE 1 ho ZIRJELE 72~96 h W/ T 2 F CAUTI
s EAR A WA T AR . Carson 251515 Liao 25061y %t
X R T 2 %) Wk P AR B oA EA T T IS, AT Lk W ] £
it 24 1 A %

HE— B T B, e B A LA & R R W
pH T 1 fk & R SR IR 2 T o R AR T
F Sh Rl 2 IR B, DA HTER e I B B 2 i AR
FITE R % FERERAMZRS, R &AW H
RIRKBERE “BEA7)Z7, TFE pH MR R AR
EWIERTPERRN Bk 2. SadSLRPrEh, fEffie
B AAET (108 CFU/mL ), i FRIGE e A ] i 54 2
FERFIIIEIR 1 4% (13~26 h) BT, S FUNpaHi A Zimit
PRI I3, D ROR k22 110 F 4 2 BH 0 R 1A 7R
T6IT 20 R IR T T A A RO, MR ARIR YT T A B IE R
5 5T P o 3 B K A 0 R AR A i AR
A8, XELLN X B A2 IR B  Z2 R A0 B I A VR FEJE B AR
PoRss, DL el 2 | 55 W TR AR AF DG 7= i 9 AR e i =
HH A 4 R 88

2.3 SMHESRAM I

HMHE 22 G2 7E 40 A= 0 IR A ) e R P AR
3 Ao 20 R 2 L R A A HESE (Efflux pumps, EPs) ¥
HEAME Y BT 24 8 A At DT 68 TR R Y 25 0 1
WEIEAT, SECRBIM IS . 7E 2 BN (WnimhT
PR, S JE AR R B ) v, a2 R A
JIE b A ANHESE R4 A 2R A0 R e A LA 5 U,
Amaral ZFCORSE T M BEVEIA M) 2 1 25 45 A% S R AT
I (XDR) FIZ 2445 BFF i ( MDR ) 45 4% 5 8%
YRR 7, WrwER o B T IR A AR W R B A )
Jo BB o 3 3 M 40 200 S A I HE SR DA B R
B PRSI TERVA A T 10 44 3 XDR 25 A% 55 Jak e
R . Kvist ZPVBFE B, SMNIER AR A )
b TR R, I A R AR SR AR SR RV R B
388 3k A HE S 00 5 790 A P B A0 10 200 B A MHE B 3% ik
ARG I, AMHEZR AR (EPLs ) 38 BERH WA=
VISR P R ifit 527 . Nzakizwanayo Z5°HEAN T E
LT NEESA 250 (CHPGTT MR mEnE ) 15 a4 5
ARFEAT B A AN HE R 37, SE08 R, X 2 Fh2hi A
A 0SSR DRI T, e R R A R A
Y BETE B ISt FH 24 R S 3R 45 3% ZE A IR (2~3 £% )
Holling ZESF 58 58 8 T 4N HE 22 58 78 40 5 A= W TP
B EIVE T, AL T 25 AR TE AT 1 45 & AR ) R A
(R LA, AL AR IS A T B 5 0% A R i A R it
2y PEZ A AR R, I3 B AR A ) 50 1 25 S AR AT
BRI B A W BB B TR 97 BB H RE A RS 2 R AR R T

24 —FHLR

— LA (NO ) WHT TR B £ 55 B AR 114 37
il . AR AL . mE A BRI IL A DNA 2R, B
SR NO 15 R —BEHi i 25 W e 7 i P )2 e
AAR/DXT NO = NO HEA3= 5 Wb IR & #1741 5T
Regev—Shoshani 255V % B, WY BL0E IR 2 945 5 —4&
ERIZ 5P HA BB E SO, 525 AXT IR S48
ML, —% ARS8 HA ER S PR A
Colletta ZEPS5E 35044 L1 NO fitf& SNAP( S—nitroso—
N-acetyl—d—penicillamine ) DL IK R A S8
Hi, SNAP fE b —FP & B NO fibfk, 4 5MKm KR
EWEEan, FHH KW NO B fRa e b, 52
Y ek R, AW BT G R AR, 7R A
B2 A B B, SNAP #8741 545 e 15 W 35 R4l
PRI AEAEBE T o Ren 26 P7R FH— i RS 2 4 1 A L
fE2FRE NO A48, WFFE T NO A B /K- X 4
PGP (7 d) BOIASCRI I, LK%
NO SHUEZWEA A f1. S5 REW, NO &
A KT b BAT 28 A0 B RN 43 800 AR W R TR &
YEF . NO AUATfE—E R LIS BRAn A, i
HAEUS i — 2o RMPURA DIk, BiE 2, —%
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PR AE A B F T A, 7 R R A 2 X A it
R Uy . S AERIREFEIESS, S T E— L WT5E NO
TER N B4 R BRI, AT NO BHAR BB 5E
b DUB S IO B A BRI P

2.5 EAK

Yo Ak ( Antimicrobial peptide, AMPS ) J&—Fi
XTAHTR . BCIA . 9 2 A0 LA B TR T 1 A e 2 R
JE S R ARPE I ) — B3, v LA 2] G2 8 15 7 1R
FH o PR IR T LASE 2o 1 I8 40 B s 58 A FH T 24~ B B+
BSOR RN, (HE PR IR A AN, A
pH SUBE A B A BAS 18 45 ] RS

B 22 2 3 TP R IR TE JE M 2R T AR BT R BOR AT
THF5E , Mishra 2571R F 57 56 17K T 8 K Lasio—
T[T 5 R AR B S IRAE b, A6 N T ASEA0L Y 5 I 52 4 i
ST BT IS M, B XA 24 LGB A RN 24 G B A
YIREAE P TG K 3A 4 do Lim 220N BF 58 0ESS,
PR Z B ( Polydopamine ) ¥f AMP., CWRI11 58
BCEI R — W AR LS (PDMS ) BIRT, %2
PPy PR RIS R A 21 do Zhang Z5U0V5E i
FWE G LR TR A AR A (SI-ATRP) 78R &k
(PU) byt BAT o ZE5MN2E “REWH” R2,
il 5 7R MY REIL Y R &R (PU-DMH ), PU-DMH
TG 6 B 2% P TR RD 2 PG A R R Y LA R
RUETERE, JFARER L 40P 0F e R A HER ., [RIA,
PU-DMH i HA R4 9 0LV AH 25 1 RIS i) 240 i 2
PEo BEAh, FEMR N FARSMASEEE ARG IE T H KA bt
SRR S Yu SRV P T — oA A5 2 TP R R
DR BRI R KRS YR IZH T8 HlE w0
Y E BRI R AR (PU) |, LI AMP B2,
YU KR 2 AE PU S R MR B IS PU G, JF
TEPRAN 7R R U6 o T I )2 X 2 2% [ BH M D
B T 5 B A B0 71 R = 3k 99.9%, RHF IR AN A A= K 1Y
R = IE 70%.

AMPs HLEHBLEI ) 2 Dy BePE (Ll o IR S48 08 2
BRI At ) I8 0] LUE B, X S hr e ) ] IR 5
B TE T BT & R G (4 PDMS FiLE
MR A ) S TGRS ) BT, UL, KhrmkiR 2
YER—FE R S IR EUR T B AT TS

3 REMETME

Bt XA A T TR T A O 2 TS B A T T 2 1 )
B, RERIBETER T, ZHLHIIEE D SR B P
R BE AR B BRI A SR g1 10 2 LR 4
TR 7 35 T AE— s R B AR R A T 25 fiE ), B
WO SE B PURIE R, 0140 P B 1 RUR R | S HER
) A% R S K S A AR . 53— T, H
AT B 25 ) T 1k 2 SR MU S BRI, TERE AR N 2
PRFFRFSEREOIRES , AUA i 25 iR 2, Hoxt

RS 3 BRI 4955, T LG AR 5 B e 1) R 4 e
B2 i, DR AT 3 sh B 2 A R ) — A
oo plan, ENREEK RS pH B TR, 258010
BolEg, HUAPGERREN R, FFAC pH H, 6
Shih, Y4 pH M TH R BRI
Bz 3800 &F%F AP R, Har—2tE MR
05 T AT AT T W 98 B AR IE . Wang 2610058 1 6 3R
TR R AU OR T R R M, [ 5E GoKEE
Jie ELAG A e S KRNI K R, IR LA A i AR
KPR Sy 22 PE R, FE0G OV A A VR S EORE A T R
NG . Sun ZEUOLE oK R L RR MR B E 2 W TR
ATKEE IS ATEIT R IR , 2532, M RLaE S
K [ RR L R 2, Hoas RPN A 230 . AR
4 25 3 b 22k il BR K B e e T SR IR
T, AH AT LA 5o i b gk 40 S 30 2 ML 25 9 6 B A it
B, X — PR F R BT . Chen ZEH7LRH
FLR - RZE R D& T SRR ACE (CHA) 52
e A N T (bFGF ) B2 2RI (GC)
Mise ek, SCIREs R, PLGA-GC MEREA AT
B 25 W (R 1, JF L H A R4 09T R .
Phuengkham Z£1 %1 % T A C & (CHX) BI40K
ER, BFR T & O IR RS B i, 1R
AL A5 R R, E SRR CHX 78 JLE M
PURR2 i 7 OB AL , CHX 9K R XF 515 UTIs
) LA T B Kk 15 d MBS TE. B4, Milo
ZEVOOVRIES T —Fb pH i) 0 RUK BEIC )2, 2% pH {H I
T3 — e B B Je A2 K BEE WAt , i 2 B o e
B PE IR B, DA S0 B 45 5 JE 0 LT T | e,
00 7K Bl FE 114D o i, FL TP 3 o s A 1) K 8 e T e
WERE AR, FHF IS KA , %077 ) ok 45 3 2 ef
[ ZEIR T 1 A5 X R I R, BERS K 25 WY
PSR SR, B AFAE pH i B A ]
Wi, — H 25RO A shik AR S B B i B
PR I = 2 2 28 8 AR IO oA Ofe B T EE 5 vl
SRR UL, AT T b b T R 4 S R R AE AR O
1) R 5 SR, /DA IR R T RS 5 A B T 25 1 A
RIVEAT, HERZGMRERCR R, AR FIRE MR
ifg . HLEI AT IR Ly % 58 . SR FHZ A pL
M Z A PUR, PRS0 FRMSI A,
KA R SMBEEGCS A, 7T LA 40 B Y T 251
FEK BR B R A A R I R] 5 25 A A0 R A RS
SERIFE R pH . IR . B TR SR AR AR IR IE AL
X DA A0 TR JE e 1) S PR A 3 JE R AR Y AR EE B
AT WEF 5 W5 24 A 25 W0 (R R S i s B G 78 ol 2 8
FRER, AR, WYX RIVER,
FEAER 25 W ()G BT R], nge IR 40 f pH T s B 3
SBZsY, 7E pH 1813 5 1E 5 A LK SEI 259 B ik
HOR TR (RIME SR SR N SC RS A, DRI
B o ST SCHER P R S ZE AT K 22 R IR D
RANEE BER R A =, WA R sh P S 06 S 1, IRt
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L7 B AT ) 3 DR A 2 1T A 0 R R 45 i ) TR ST D o
o MRAEREW, (IO A0 T XS JRAE 2EA 7 fi] 5
AR TR ) 2 50 K LTSI 5 PRAE A DG A PR B S e
I, 2B NIRRT T BA R LR . I RIPTRECR 15
PRAG DT %o SO R B B R AL 2 i 2 2
ANTTIERIT, AL D5 A B TS TR E Bt (3R
AN EE R . TR . T KBRS ), DA SR
R BIPTRPIES IR (P T RUR R, ) 3R
B T AAMEIRL . PUR RS ), X877 kB A R
OB . EA DI TE , DL AR W IR A B B Ak
R, ABOUIER T IR R A B E] o BEAt,
TERAS T B ArPUA RCR BB A R S -, EHXS H AT
WIFSE H A AR R TR 245 P S W s B S 1D, i 17—k
AR R ETT 1, AIEZ PSR . pH (&R
JE SRR, A AR ACR
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