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Relationship between virulence factors of urethral pathogenic Escherichia coli( UPEC ) and antibiotic
resistance

WANG Jing—yu,ZHOU Chun-lei, WANG Meng, JIANG Yan, DONG He—-nan, MU Hong

(Department of Clinical Laboratory , Tianjin First Central Hospital , Tianjin 300192, China )

Abstract Objective: To investigate the relationship between the expression of three virulence factors including cytotoxic necrosis factor 1
(CNF1),hemolysin A(HlyA ) and pilin FimH, and its antibiotic resistance in uropathogenic Escherichia coli( UPEC ). Methods: The
UPEC isolated from the urine samples of 84 patients with urinary tract infection( UTI )in Tianjin First Central Hospital were selected,
the expression of virulence factor genes was detected by PCR experiment,and the drug resistance was analyzed by drug sensitivity test.The
relationship between the expression of UPEC virulence factors and their antibiotic resistance was further explored. Results: In this study,
the expression of virulence genes was detected in 71(84.52% ) UPEC isolates by PCR experiment ,including 10(11.90% ) cnfI*UPEC
strains, 9(10.71% ) hlyA* UPEC strains , and 69 fimH* UPEC strains (82.14% ).45 cases(53.57% ) of UPEC were observed to be
extended —spectrum B-lactamase ( ESBL) positive. The positive rate of ESBL was 6 cases(60.00% ) of ¢nf1* UPEC strains,7 cases
(77.78% ) of hlyA* UPEC strains, and 38 cases(55.07% ) of finH* UPEC strains. The positive rate of ESBL was higher than the
corresponding negative UPEC strains. In addition, the resistance rates of UPEC isolates expressing virulence factors CNF1, HlyA and
FimH to various antibiotics were higher than their negative isolates. Conclusion: There is a correlation between the expression of
virulence factors and the high resistance of UPEC to multiple antibiotics.
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JoHJE 22 24t 24 Rk G HR B, IR T N AR A2
B (A fd B () U148 SR, UPEC 2 1 K71 3R
K 55 241 22 (8] 9 6 R AT AR R ARG . LI,
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1 FRIB 1 DL, JEERFE 35 1 3 D S5 40T 24 Py id 24
P22 [ AH A
1 #ERSHE
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Tab 1 Primers and cycling conditions for the PCR assays

— BE Y B R M O 2 R A — R
HIRWFEA TS F2 00 B B 55—k UPEC J 25 s
B sk BN AGETTH T

1.1 @R ey i g Ao th oA ml  JRIEFE
AT I B R SR 40 B A A S R A T A R4
I ARAS AR EURE ) 2R 3 ARPMERAE , 25 ORI AR B s
PRANSER S brife b2 (CLSD B B vEA T4 . i
10 L 58 R IR EA TARAS A R RS 3%, B rp B R
VRCAE I PR R ] R R SR X 2,
35C A R 15 35% 24~48 h J5 WA B A KK I, I
SR WL S QR | - N7 M £ - ol HE T
FFEE = 10° CFU/mL, RIRIEIA R R e R LAY
PHPE PRI 5% o DA H 0 P ks B BV SR TR
FEIHF LR R VITEK® MS 4> [ ShifcE Y i £
il 4 H Y T VITEK 2 compact M it £
1) 46 7 - R 25 ) SRR R A T TR R 48 T R 245 4 U
R PR R ROR K IAIR A R ATCC25922,

1.2 FARRERN  WESREEFR WM ERERY
2 mL, {fi 40 & DNA #2 B 7] & (DP302, TIAN-
GEN, b5t ) $2 B An pa 6 [ 4 DNA . $2HUH R 41
DNA ¥ i E TS # K o, fifi ] Nanodrop 436G EE T
(Thermo Fisher, Waltham , MA , USA ) il &y )& , I3F
F-20°CIRAE . AT PCR SE5G B FHRE S5 | WXt
BB UPEC BARIELT enfl \hiyA fimH 3 FP2E
Tk PR PR B AG I . PCR P TE 2% BN A IS
AT IS FL UK A3 BT, A P B R O I AR R e
(Bio—Rad, USA)XEL PCR S25G45 5 . 5191F 51 DL K
PCR ¥ 125 L4 10

1.3 %5 a2 i Microsoft Excel 2016 i 4E
B I A 1 THECROR A R A 43 2R .
K SPSS 16.0 A ATSe o3 br, 432878 e LA
KX KR T R R K 95% B (F X [A], P<
0.05 A 2EFA G FE L.

2 H#R

21 FAREAREIE AL @ PCR 535
1Y enfl hlyA RN fimH B J1hRaE 56, 973 Booy
Wk 498 .1 177 F1 508 bp. #/MUFEME UPEC Htk

FEH SlH750(5—3") F/N(bp) TEA AT

enfl F:AAGATGGAGTTTCCTATGCAGGAG 498 95°C,5 min, —MEFF;94°C, 1 min;64°C,1 min,72°C, 1 min,30 4~
R:CATTCAGAGTCCTGCCCTCATTATT MBI LAEfH  72°C, 8 min

hiyA F:AACAAGGATAAGCACTGTTCTGGCT 1177 95°C,5 min, —MEFF;94°C, 1 min;64°C,1 min,72°C, 1 min,30 4~
R:ACCATATAAGCGGTCATTCCCGTCA HEIR  ZHEfH :72°C, 8 min

SfimH F: TGCAGAACGGATAAGCCGTGG 508 95°C,5 min, —MEFF;94°C, 1 min;64°C,1 min,72°C, 1 min,30 4>

R:GCAGTCACCTGCCCTCCGGTA

HEFAR s R FEMT . 72°C, 8 min
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(a) (b)
MW 41 42 43 44 45 46

3 000 bp 5000 bp
2 000 bp 2 000 bp
2 000 bp

1 000 bp
750 bp 1 000 bp
500 bp 750 bp

MW 30 32 35

95 96 97 98

PRI (n=69,82.14% ) , HKJ&: enf1(n=10,11.90% )
F1 hlyA (n=9,10.71%).,

(e)
MW 30 32 35 95 96 97 98

2 000 bp

1,000 bp
750 bp
500 bp

E1 ZHoREEXBAES BT enfl(a) hlyA(b)FA fimH( c ) EE I
Fig1 Detection of cnfl(a),hlyA(b) and fimH(c) gens in some representative E. coli isolates
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AR E R (61.90% ) Sk 761 1 FA (52.38% ) L 22 U3
b HE(89.29% ) .52 7 #r i W (65.48% ) it 25 M i
i 245 #6357 >50% 5 X6 WR 7 P AR/ Ath g B 30 (9.52% ) |
Sk AR /AT L3 (5.95% ) JE A3 R (0.00% ) I B
Rimg(0.00% ) K2 (1.19% ) BN 2 (3.57%)
W K1 (0.009% ) UM & i 25 %45 <10% , DL
%2,
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Tab 2 Sensitivity rate and resistance rate of UPEC to antibiotics

(%)

— UPEC(n=84)

LR % S
] B PG R/ v 7 2 1 28.57 71.43
WRFVE PG A/t [ 4H 9.52 90.48
Lk 58.33 41.67
LAk g 61.90 38.10
SV T 21.43 78.57
S FE At nE 38.10 61.90
S A A 52.38 47.62
Sk A WRER /AT L 5.95 94.05
Slidic] 42.86 57.14
Je b p 0.00 100
R R 0.00 100
PR AL 1.19 98.81
LEEHI R 89.29 10.71
FYIIE N 3.57 96.43
g il 65.48 34.52
KWK 0.00 100

23 ESBL =AW A5 ESBL E—ZKAEKME
FRR SLAE R R ARSI A R B- N B
it , S PERERE L AL B N IERG BB RS . A
ESBL (41 B AT X6 bk 22 Rt A= 27 Az i 245 o A
50T T ESBL 75 UPEC R 72 R 45 10, 45 S 4
% 3 frn .84 ] UPEC [ ¥k ' ESBL FH 1 % A
53.57%(n=45) . t—53#87 78 J1 5K FHIE UPEC

Ay B Rk 5 AR R B UPEC 43 85 0k A ESBL 7= 4= 1
(K 3), 45 IR enfl* UPEC 43 5tk ESBL FHME:
K 60.00%(n=6),cnfl- UPEC 4385 ¥k ESBL BH 1
R A 52.70% (n=39) (P=0.666 ) ; hlyA * UPEC 4} &5
Pk ESBL FHYEZR N 77.78%(n=7) , hlyA~ UPEC 5
¥k ESBL BH ¥ & & 50.67% (n=38) (P=0.123);
fimH* UPEC 3B ¥k ESBL FHYEZF N 55.07%(n=38),
fimH~ UPEC 4} &5 ¥k ESBL FH: 2K 46.67% (n=7)
(P=0.554),

24 UPEC AAAREHRAZHG RO XEZ £
25008 AR IR S UPEC Bk it 2y
PEZ[RIIE R W 4 Fin AT enfl” UPEC XJBif
SEPGM s N AERR T 2558 (24.32% ) ,enf1* UPEC 1Y
Mit255(70.00% ) i # $2 5 (P=0.003 ) . IL4b, B Ak
HGiit#2a5, B2 enfl* UPEC X WRHE PG A/t
LL3H (20.00% ). kAL (70.00%) . kAEPE T
(40.00% ) . 3k 78 WK i /&7 1 45 (10.00% ) | 3k f& ik i
(50.00% ) . J2 8 3870 5 (100.00% ) FA TR 25 2R 34 v T
enfl- UPEC(43 514 8.11%.56.76% .18.92% .5.41% .
40.54%F1 87.84% ), TiXFShFEWERR SkAaflne Sk
AT 25 % enfI* UPEC F enfI- UPEC AHZEA
Ko [AIRELFL hiyA+ UPEC X Bf 5 P b/ v Fir 4E R A
it 25 % (78.78% ) %t % =1 T hiyA~ UPEC fifif 25 %
(24.00%)(P=0.001), X482 7 %A o EFH, HE
hlyA* UPEC X WRH7 PG AR/t mse (40 (22.22% ) 3k 1l
W (77.78% ) Sk AWK TR (77.78% ) Sk LA IE
(55.56% )3k 1 1 # (66.67% ) .k #1WR B{l /&7 15 35
(11.11% ) Sk f L5 (66.67% ) i i 25 2K 1 75 F
hlyA~ UPEC(43 34 8.00% .54.67% .58.67% .36.00%
49.33% .5.33%F11 38.67% ), IMi ¥} Sk /G T . 7244
BV R B E AR 2R HEMEAN K.
fimH* UPEC *J 3k f80k = (60.87% ) | 3k 9 Wk = i
(6377%) S FOVRERVET L4 (725% ) Sk ANtk f5(4493% ) |
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ZE ST R (91.30% ) B2 77 # i 1 (68.12% ) Y i
2RI T fimH™ UPEC (43518 46.67% .53.33% .
0.00% .33.33% .80.00% F1 53.33% ) ( L% it %

x3 FHEEM5S5MAY UPEC B ESBL Eb3[n( % )]

5, TR B S PY AR/ e - TR WL VU AR/ Ak 1 3H |
SKAPE T ShAAMIE Sk AL RIAR | Sk f0 IR B /& ELIE
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Tab3 Comparison of ESBL between virulence gene positive and negative UPEC[n( % )]

enfl* UPEC  enfl” UPEC

w0 e X P (o)

hlyA* UPEC  hlyA~ UPEC

fimH* UPEC  fimH~ UPEC
(n=69) (n=15)

(n=75) X xoF

ESBL 45 6(60) 39(52.7)  0.189 0.664

7(77.78)

38(50.67) 2.375 0.123 38(55.07) 7(46.67) 0350 0.554

*®4 UPEC ENIREERSMAERNXR

Tab 4 Relationship between antimicrobial resistance and virulence marker genes in UPEC

Tt 2451 %[ n (% )]

LR BT S PG b/ WRL PG A/

FERAERR Ak I

oy SRS LAY T kit Sk

Sk AR/

o SeftnthG 74D A SR

enfl
Positive (n=10) 7(70.00) 2(20.00)
Negative(n=74) 18(24.32) 6(8.11)

X 8.792 1.446 0.636 0.002 2.325
P 0.003 0.229 0.425 0.961 0.127
hiyA

7(77.78) 2(22.22)
Negative(n=75) 18(24.00) 6(8.00)

Positive (n=9)

7(70.00) 6(60.00) 4(40.00) 4(40.00) 5(50.00) 1(10.00)
42(56.76) 45(60.81) 14(18.92) 27(36.49) 38(51.35) 4(5.41)

7(77.77) 7(77.97)  2(22.22) 5(55.56) 6(66.67) 1(11.11)
41(54.67) 44(58.67) 15(20.00) 27(36.00) 37(49.33) 4(5.33)

5(50.00) 10(100.00) 4(40.00)
30(40.54) 65(87.84) 49(66.21)
0.047 0.006 0.332 0.324 1.362 2.600
0.829 0.936 0.564 0.569 0.243 0.107

6(66.67) 8(88.89) 5(55.56)
29(38.67) 68(90.67) 49(65.33)

X 11.117 1.886 2.731 1.230 0.025 1.303 0.966 0.479 2.592 0.029 0.335
P 0.001 0.170 0.186 0.267 0.875 0.254 0.326 0.489 0.107 0.864 0.563
fimH
Positive(n=69) 20(28.99) 7(10.14) 42(60.87) 44(63.77) 15(21.74) 27(39.13) 37(53.62) 5(7.25) 31(44.93) 63(91.30) 47(68.12)
Negative(n=15) 4(26.67) 1(6.67) 7(46.67) 8(53.33) 3(20.00) 5(33.33) 7(46.67) 0(0.00) 5(33.33) 12(80.00) 8(53.33)
ba 0.032 0.173 1.023 0.569 0.022 0.176 0.239 1.156 0.676 1.646 1.191
P 0.857 0.677 0.312 0.451 0.882 0.675 0.625 0.282 0.676 0.200 0.275
3 Wig (23.81%). AN, k@ FAFIEE DT 50~89 &

UTI B 28 o0 4Bl £ B A SR Mo 2 —
A4 R A R A2 i, E R A 3 B
T IR B TR 2 AR 2GR, E AN B U-
TI B & AP MERE>21 UPEC 1E R UTI B9 3 5 80K
R, H3kih— 2505 R8RS, 4K
11l UPEC B KR (%8 1 P 32 8 FRAE 5 A =it
B R O R M ANTEAE . BRI, TR A T fi# UPEC
B ) bR 5L R 1 2 3K 5 L 24 1 2 R Y 06 R AU
A BT IERE BRINAYY UTI R, IF oA 25 T iRy
T} 245 R 1 7 A R A%

ABFSE R 4385 H UPEC (1) 84 4] UTI Hi
AEIE N 18 % 3 92 B ANAE, ) 50~69 % (28 i,
33.33% )R BLUEH TR 2 FI =50 & BEHA
T11(84.52% ) , 4F-#4<50 % S EFEA 13 #i](15.48%)
84 5] UTI 35 h B4k 20 i (23.81%), Lot 64 fi
(76.19% ) , L PEFEAS L] (76.19% ) BH Wt v T 55 Pk

(48N,75%), BYEBFHFIRE T T 60~89 % (14X,
70%) . EEEHHE S IA IR —3, R PEE
¥k UPEC By, HAR IS R BB M BRI N E
EH X UTL S8 R 43 85 1k /) UPEC 41t
A Z W 2543 2 W, UPEC 43 B AR A4 A7
FEAS[RIRR B2 it 245 78 , DU Sk Ak | Sk ek
fi kAN 225D AL e SR VD B A A e T T
25R(>50% ) WAN , ESBL TEAHWISE T A UPEC 435
BRI = A 2 h 53.57% , i HoAth i 58 % B, ESBL 7£
UPEC H (187 A A 2L )5 it 122, SRS ARG
7% ESBL 7E hlyA* UPEC .enf1* UPEC LA K fimH*
UPEC 43 B8k ESBL A9 77 A5 5 387 e F HLAH Rz 1) B
PR B AR, (Hs R 0 S % S0 25 R 2 R A it
SRS, IR A RAARIR enfl hlyA 5 fimH ¥ 7]
FBAYE UPEC 3 BS#RAHE T B UPEC Ttk A] AE
FEAE T = A 25 PR KU o Jadhay ZEPURIE ESBL £
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UPEC 43 Btk i & A B8R (21.3% ) , T AE A 5E
o BRI ESBL AR AT g2 i T ER B b
AR AR AR T5 25 )R 25 5 A5 TS 800 .

MR B TR IR OO R, EIER
84 1] UPEC 43 B ¥k h , 84.52% (n=71)UPEC 4} &
PRep AR T —FhEl 2R EE IR Rs, Hrp
11.90% (n=10)UPEC 35 cnfl,10.71% (n=9 )UP-
EC %35 hiyA ,82.14%(n=69 )UPEC #ik fimH ., H
W 9¢ W] UPEC 43 Btk % i R 1k CNFL, JFH
CNF1 #iEB AT LAFLTE Rho GTPases, MM #F IR
% R AR 2%, T X R B b B 40 i B 4 A
PEMERIP, 1% HiyA 7] LLAEXT 240518 Eidie
DI #F L™ FimH 7E UPEC B BhMHE fE R #4 E
SRR, 38 25 USSR AT R B, AR T
P UPEC, enf1* UPEC Fll hiyA* UPEC X Bl 527G b/
v 2 R ) i 250 B 2 R (P<0.05) , B UPEC
FIRTE I FE enfl B hiyA 1T DL 3 i e JH ) ]
LV MR/ SR AE R it 250 L Ak A AT
%5 {HWEZE] cnfI* UPEC F hiyA* UPEC X} £ Fh
oAt A 2R B i 24 28 347 v T AH L9 B ¥ UPEC [A]
FE, fimH* UPEC X Sk k= Skfant g 2 A b
UL K T v B R i 245 #6355 T fimH - UPEC
(EBI¥25 ). AN, i TI4E UPEC 41
BIMAEARER D, BT LA R R A
Goitep B AR e G5 T DUEIR enfl (hlyA Y
fimH W ZRILT i8S UPEC XF 2Rt R 25 M6
B B AH e

TR UPEC 19 2 25T 24 LA K2 H ¥ 38 iy
i 25 2R (] J0, 5 1 5 Bg. UPEC 48 & AT, 5 Bk
— & T A B UPEC W TH 24515 0 il AT 2 A
O 25 FG YT 5 5, DB S e IR 28 9% 1 24 LA
K UPEC JE& e J 5 $ b5 B AT AT AR I7 WS o
W, ARG IR UPEC 5 /7 K T3 1y %
REOL RSP AR AEZH B CR T T
fift UPEC 51 (B RRAE DL K UTI B F IR IR IR YT
FEREE, X UPEC W8 S K73 R 10 8 LU
KT 254500 T bk 22, 5B R 5 3 Ml R B it
X R FE HEAT SRR ME I 25 903697 I8 R
Z 2Tt 25 UPEC AR LR . B9 & B, UPEC
(R)5E 1 PR 1 2838 5 T AR 2R 1 24 32 15 hn EL A AH
Kotk BRI, UG RN enfl (hiyA fimH 3 FEET)
PR EERVESR UPEC B 35 1w BRI 350 H |, LA
i F 11 PRAR 4 UPEC 35 77 R 735k R (1) & 35155 DL 731
SN 5 T TN TD OR3P S Bl o e e D EZL
2, LR, KRR g R B PR ) 8 8 1 ks B

— 4 T it UPEC AYZOR I X5 UTI 825 St 5

Bl A BN R TT R DL I PR UPEC

TR AR A BN, T8 T4 3R B A 5 BRAE

FHIFAT R 470 A= 280 24 11 A IS 5 P9 15478

AWFFE A TLAS RT RE 2 45 58 A Al UL B3y B

il o B AR TR X R AR — O BE B

UTI &35 IR Th 43 85 3 () UPEC T8 Bk AT 1y . rh

OBFFE, IS5 AT 2 RO REAR TR AT

FO, i T AR R AR 5, 8 UP-

EC 8 ) ¥ R K3k 5 — 2o hp A= R 25 1 2 1]

AR TN 2, PR 22 R A R — 2

5T .
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