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Abstract: This study investigated the drug resistance, virulence gene distribution and evolutionary typing

characteristics of pathogens in clinical cases of urinary tract infection, so as to provide reference for the

prevention and control of drug-resistant urinary tract infection pathogens. The collected urine samples were

Wk 393
BEWiH

&t

2022-07-06; &2 H M. 2022-10-15

Ex AR 5 410 H (31860711, 52163015); B KA ALH AL ZRit-RIT5 H (202210419006); 75 211 #6 T PERHE UH I H [ ik
117(2022)6 5 6]

X|o#(1979-), 5, LEE RN, mlEdE, B, FENFRIERED S % )7 T 7(E-mail: 1902282875@qq.com);

“d SR(1988-), B3, VLVER RN, WHE, M4, EENFERFAEY S G ) T 5T (E-mail: fqiang9@126.com).



XK 2R CHIRBHEA RO 41

isolated and cultured, and the bacteria were identified by Gram staining and 16S rDNA. The bacteria were tested
for drug sensitivity by K-B disk diffusion method, and the virulence genes and phylogenetic and evolutionary
typing were analyzed by PCR amplification. In the study, 20 strains of uropathogenic Escherichia coli (UPEC)
were successfully isolated. The drug sensitivity test showed that most strains had the characteristics of multiple
drug resistance. The drug resistance rates of this batch of UPEC to penicillin, erythromycin and vancomycin
reached 100%, more than 90% to carbenicillin, ampicillin and azithromycin, more than 80% to tetracycline,
norfloxacin, streptomycin and streptomycin, more than 70% to ciprofloxacin, gentamicin, kanamycin, floxacin
and ceftriaxone, more than 35% to cefotaxime, nitrofurantoin and chloramphenicol; The resistance rates to
amoxicillin and polymyxin B were low, only 10% and 5% respectively. The detection rates of six virulence genes
(iutd, fimH, hly, fyud, tsh, traT) were 85%, 95%, 85%, 75%, 25% and 10% respectively. In its phylogenetic
typing, the bacteria belonging to group B2 are the most, accounting for 40% (n=8), group D takes the second
place, accounting for 35% (n=7), the third is group A, accounting for 25% (n=5); Group Bl strains weren’t
detected. Through MLST typing analysis, 20 strains of E. coli involved 10 ST types, including ST131, ST648,
ST744, ST1193. CRISPR sequence amplification results showed that 6 strains of bacteria contained CRISPR
sequence, suggesting the evolutionary differences of different strains. This study analyzed the virulence and
typing characteristics of clinical multidrug-resistant UPEC, which provided a significant basis for clinical
effective prevention and control of urinary tract infection caused by drug-resistant bacteria.
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BRI ARAE B, BB i B B AR AN e 1) 0 7%
2, HIBAE gt Blkeh. R, el
2 B A A T b V2 A7 AE ) CRISPR-Cas i 8 1 4 72
G, RN RCAHE B R A A] RS B el 32 S A
( Clustered regularly interspaced short palindromic
repeats, CRISPRs) 472 . H T 2 B BUR A Y)
(33 46 4 BURFF 702131, CRISPR 3 41 4% & & 7 471
(Direct Repeat, DR) LA A4l A 2 5 & 741 A (1] 7]
FE 4 (Spacer). Spacerff 3%k F AR A4H T
WA AP AT A, HAEAN R 4 R
(7] — ol g AN [7) B ke 1) =g AN [ afw v 3 T 5L A 1) S 22
Sto BEAN, TEIRE B AN [ (8] R A A B A HES ) T
T PA K 2 25 138 5 5 CRISPRA £ (K135 B 7K 2 1)
FHOR . BEE, AT RAM ] 22 25 VAR = i CRISPR AL 1
XK AT B AT 3 BL 04161 CRISPR 73 B 5 VA LE 23 #T
Bl 75 L T HoAth o> B9, AR N o BTk
— Wz R

UPECHF g R B I8 G d o L PRI R A, EAS
H L MDRAFAE ™ 5 16 T ARAERE . T H 55
it I BE )RR S LT e () R GE AR . STAY 5 bk
RIBURTEA & =AW IR &R, AWFFLEEAT
UPEC/} B ¥R R Gi AL . MLST. CRISPRZ} 7Y
ANEE TR o3 A, LA 7 4 1 B 70 5 3 R R R 5K
#, Nit— D W2 Eiif 25 UPECH) BUW HLELAN
AR —E MR RE .

1 #E5FE

1.1 HE#

AHIF ST R 53 28 (0 4 B 35 SRR T e T R R B
PR SR G ] 1) PRI FR AL, ARG 5K I 44 N
U5002, U4909, U4863, U4789, U4647, U5433,
U4528, U4469, U4275, U4228, U4196, U4059,
U3945, U3626, U3520, U3519, UI29, U612,
U616, U4469, ZLBVIRVILIG T8, HASLR
BEIRAF
1.2 LI {UER

PRI TR IR P2 ZWY R-240 W B T b 1 2535 43
B A 38 il i A PR A /], ST = & A R 4K pL
WP-UP-YJ-20 I & T DY J1R 4 /K b B 4% A R &
"], MLVKICEPS300 JWHE T il Ree R A RA A,
B B AUETCS11-384 U B T 5 M 2R i 24l Bl
FACREIR AT, BRI T RS ZF-28 B E
T R FESR A IR AT .
1.3 K&K

ek (Agar). &AL (NaCD. BERIEEU)
(Yeast Extract). & HE (Tryptone) W& T4
TAMTE (R BhERAR, DM2000 DNA
Marker. 2*Taq PCR Master Mix (Dye) & T RN
thed, S EEEREMRE AR AR S, 2
A T B T A RIZZ A EAR TR AR W)
PRLBEE =A% B IC 7 : NaCl110.0 g, Yeast Extract 5.0 g,
Tryptone 10.0 g, MEEZAE/KSWEA S 1.0 L, #H7ipH
74, 121°C, 20 minm &R KE (I E B4
B p BT AR pHIE N 15 gBi gk KAk 97
FIN 7.5 gBER)
14 HEEE
141 BEFEZ

FH 2 T A i /D 8 B V) ) TR AT 2R 0 0 TR 3
A, FGEMRASS, St 1.0 min, FJEH
KRG M4 7 KIRBYEEES 1.0 min,
VeTi%: SR 95% AG i ta 30 s, ks FLLVAW
Y 30s, BfiJE AR+ e R
IKERIB I I BRI Sy, Fibs A T4 5 B Tilse
M
142 16StDNA %%

K & b PR B0 DNA, WEL 1.5 mL IR B
T 1.5 mL Eppendorf &0, T 7000 rppm &0
10 min, {845 FiER, BERT BS.O 5 25k R HIE G
H 500 pLEEA7K R —K, T 7000 rpm 5L 10 min,
Ak BiEW; BN 100 pLiEB4iK, BiFTKiE
frrP 3 10 min, 5T 7000 rpm &5 Cr 10 min, P HL
FIEBARAFE-20 Crp. iEH 16S rDNAEH 519
357FF1 1115R (W& 1.A), PCRIAR (25 uL) N
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2*Taq PCR Master Mix, 12.5 uL; 4%, 2.0 pL;
357F, 1.0 uL; 1115R, 1.0 uL; #4li/K, 8.5 uL.
¥z kR B TPCROCH AT 4, HITPCRI
NAEFFAN: 94 C Smin, 94 ‘C 40s, 56 C 40s,
72 °C 45, 30 MEH, 72 C 5Smin. FCH] 1%0H)
B HEHRE e I, R R N BRI AN, # Marker D2000-
PCRWINMIN 1% )35 IR WEBE ALY, 85 kAL

FLE 100V, FEJE 100 A, HEK 40 min 5 BUH S .
TEL AN M ACT AT LA 800 bp i 45 4 B 17 5%
W, Bz, BT IR S RO
Wik T B ERVEMREA R AR, IR
g5 FA£ZNCBI BLASTM (https:/blast.ncbi.nlm.
nih.gov/Blast.cgi) 1T 16S rDNAIRY&E I ELXT, Ff4R
TEHERT A S

& 1 PCR ¥ IBEXSHY
Table 1 PCR primers used in this study

514

SIMFF (5°-3°)

FEBKE (bp)

357F
1115R

A.16S rDNA PCR5| )

CTCCTACGGGAGGCAGCAG
AGGGTTGCGCTCGTTGC

750

iutd

fimH

hly

B.# IR 519
FyuAd

tsh

traT

F: GGCTGGACATAGGGAACTGG

R: CGTCGGGAACGGGTAGAATCG
TCGAGAACGGATAAGCCGTGG
GCAGTCACCTGCCCTCCGGTA
AACAAGGATAAGCACTGTTCTGGCT
ACCATATAAGCGGTCATTCCCGTCA
TGATTAACCCCGCGACGGGAA
CGCAGTAGGCACGATGTTGTA
GTGATAAACAAGTCGGCAACA
GCATTGAGACATCCATTCC
GTGGTGCGATGAGCACAG
TAGTTCACATCTTCCACCATCG

302

154

450

953

824

260

chuAd

C. RERENHEY yiaA

TspE4C2

GACGAACCAACGGTCAGGAT
TGCCGCCAGTACCAAAGACA
TGAAGTGTCAGGAGACGCTG
ATGGAGAATGCGTTCCTCAAC
GAGTAATGTCGGGGCATTCA
CGCGCCAACAAAGTATTACG

279

211

152

adk

Sfumc

grB

D. MLST4- 2454 icd

mdh

purd

recA

TCATCATCTGCACTTTCCGC
CCAGATCAGCGCGAACTTCA
TCACAGGTCGCCAGCGCTTC
GTACGCAGCGAAAAAGATTC
TCGGCGACACGGATGACGGC
ATCAGGCCTTCACGCGCATC

GGACGCAGCAGGATCTGTT

TCGGTAACGGTGTTGTGCTG

CATACGGTAAGCCACGCAGA
CGCATTCGCTTTACCCTGACC

TR T RARTARIARTAIATIRIADTARIIARTIARTRDADRD

R: TCGTCGAAATCTACGGACCGGA

583

806

911

ATGGAAAGTAAAGTAGTTGTTCCGGCACA

878

ATGAAAGTCGCAGTCCTCGGCGCTGCTGGCGG
TTAACGAACTCCTGCCCCAGAGCGATATCTTTCTT

932

816

780

CRISPR1

E. CRISPRZ AL 5|4
CRISPR2

F:GTTATGCGGATAATGCTACC
R:CGTAYYCCGGTRGATTTGGA

F:.TCGATAATTGTGAACYTMTC
R:GTCGATGCAAACACATAAATA
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15 ZEk% A E, BTEERA 1205, R IR EA K.
St 1.4 v % 5 K AT (K 40 1 F Kirby-Bauer  MRIBEIRARSESARHEAZ B & (CLSD 2016 FRSC
(K-B) 4% BT Hoss 7 29 st . 4 19 T (W3R 20, JIERMOVIN 2(Resistance, R)
s F P 2 TR W TE TR R g ST (Intermediary, 1) BUBUK(Sensibility, S).
F2 WEGYB BRI EAR

Table 2  Criteria for bacterial drug sensitivity

U bR (mm)

2251 27 YL ()
R I S

HER Penicillin (P) <12 13-15 >16

ARV Carbenicillin (CB) <19 20-22 >23
B-M Bk B R

ARV Ampicillin (AM) <11 12-14 >15

i B 7 Amoxicillin (AMX) <13 14-17 >18

Skt Ceftriaxone (CRO) <13 14-20 >2]
B- P POk Ji Sk i BT 22 2

ke GENF Cefotaxime (CTX) <13 14-15 >16

BRR Streptomycin (S) <11 12-14 >15
AR RRER Gentamicin (GM) <12 13-14 >15

RMER Kanamycin (K) <13 14-17 >18

Wb Norfloxacin (NOR) <12 13-16 >17
TS T 248 R E Ciprofloxacin (CIP) <15 16-20 >21

ARV E Ofloxacin (OFL) <12 13-18 >19

AR+ Erythromycin (E) <13 14-22 >23
KIFNBER

B 3 2 3% Azithromycin (AZI) <13 14-17 >18
WEZ S UEZN Tetracycline (TE) <11 12-14 >15
ABRE ABR Chloramphenicol (C) <12 13-17 >18
S VAR5 S Vancomycin (VA) <14 15-16 >17
BRI ES e 2% ] Furantoin (FT) <14 15-16 >17
ZHIW RS ZHWEB Polymyxin B (PB) <10 - >11

1.6 FHEREMKEN 17 XBHERZELEHE

DL 1.4.2 HHE R DNAYE fstR, 8t PCRY™ I % EPCRX 7 & A 3T RA K E 7 8L

B KW B 8 N Fiutd s fimH . hly Fyud. tsh. %65, W& Wichud. yjiad . TspE4C2 =5F 510 (&
traTHEAT RN, B oIY W 1B, MNARRN 1C) . AR 529 25 pL(H H12#Taq PCR Master Mix
20 uL (2*Taq PCR Master Mix#g 10 uL, L FiiF5 W 125 uL, =X 519 ERUE& 1.0 ul, B4R 1.0 pL,
Y& 1.0 pL, AR 1.0 pL, #MESWHR 20 pl); & #MNESWE 25 ul), FHFPCRAZHHAT UK 34T, R
Rkt 1.42 HAHIE . KPCRI/WIHET 1%5 00 1 H5E 7 4

IR HL K 50
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Bl1 KWiTe RS K E /% EER
Fig. Phylogenetic typing of Escherichia coli

1.8 ZHEA) MLST 2

MLST S HRE. coli MLSTHUE PESR i1 7
& 3 R #1547 (https://www.shigatox .net/ecmlst/
cgi-bin/scheme)!'”. 5I¥) W3 1D, ¥ &RNAERE
NG 1.4.2 RAHTE . B 10 pL =43k 7 sk,
TR 3 38 2% R/NAHFT B (DS ikl e o
gk b 4% & (https://pubmlst.org/bigsdb?db=pubmlst
escherichia_seqdef) Muli AT LLXS, 315 & RS
RrEEDME, JF¥ 7 A EERMEXT TS %
FPRSTAY .
1.9 EF CRISPR FHIHI&HE

I AEAICRISPREIY) (R 1E) 5 1.4.1 Fiis
BRHEATPCRY Y, 4719 S AR 5/ DA SN SRR L
HU 10 uL PCRWIHEAT HLVK, R 39 S A& 1 = ik
2 RN . S5 R E A% (https://crispr:i2be.
paris-saclay.fr/Server/) W it 34T 7 51 7347 o

2 H#HR

21 HENEESEUES 16S IDNA £7E
Iy B R MRAELB AR _E I BV TR B 23N A
ke, EY L O, B, Kat, £F
FRAE B V& T SRHIE: kR 2RO R
o, FARR, PisETE, BAEEZ A, R A
B BB . 3% ) 16S rDNAIE 514 57F, 1115R
HATPCRE E , P97 45 R 5NCBIH CkiE 7
FIFEATBLASTECRT, [FRMEIIIER] 97%LA b, H#E—
AR SN KB -

22 HPIWHER

ZiuR IR g5 R EoR (WK 3), 20 BT B
MEER. AH5R. TEERTAFEE 100%;:
FRARTUAR, ZRTUAR ., BT 87 55 3 2 %834 90%LA |
SRR, R E. HHER. HZRIE 80%LL
E WHAHWE. KRER . RIEER. #A8W
B KRN 250 70% L E; RSk famEs . mk
W2 [RGB R 20 5RAE 35% LA by S By B bR &%
Z R RBIN 25248, N 10%A41 5%.

®3 IREBERG S BRI ES

Table 3 Drug resistance analysis of urinary tract infection

isolates
e s s G P B Fues
SkfgikA  Cefiriaxone (CRO) 14 70.00% 5 25.00%
BTG Carbenicillin (CB) 19 95.00% 0 0.00%
AER Chloramphenicol (C) 7 35.00% 9 45.00%
ZUEPIMK Ampicillin (AMD 19 95.00% 0 0.00%
AR Ofloxacin (OFL) 14 70.00% 4 20.00%
L5 B PolymyxinB (PB) 1 5.00% 19 95.00%
AR Erythromycin  (E) 20 100.00% 0 0.00%
HHEE  Penicillin (P) 20 100.00% 0 0.00%

Jiti#EZ  Vancomycin (VA) 20 100.00% 0 0.00%

BRI 2K Furantoin (FT) 8 40.00% 3 15.00%
JK#E  Gentamicin (GM) 15 75.00% 3 15.00%
FTZEPEMR  Amoxicillin (AMX) 2 10.00% 4 20.00%
WHYPE  Ciprofloxacin (CIP) 15 75.00% 3 15.00%
WEIP A Norfloxacin  (NOR)D 16 80.00% 3 15.00%
HR Streptomycin (S) 16 80.00% 1 5.00%
F#Z3 % %R  Azithromycin (AZID) 18 90.00% 1 5.00%
KIEE  Kanamycin (KD 15 75.00% 2 10.00%
SkftMENG  Cefotaxime (CTX) 111 55.00% 8 40.00%
UEZNS Tetracycline (TE) 17 85.00% 2 10.00%

23 FBHEESWER

B SIFFPCRY W= B R Bk S e, 4R
BREE SR Fiwtd. fimH. hly. fud i R B
B AN 85%. 95%. 85%-. 75%; tsh5traTi
Kt R AR, 9 25%81 10% (K 2), & Bkkin
HEE SR T LR 4
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L 40%; DR, A 78k, S 35%; HIkH

100+
o AFEA 5Bk, HEE25%; BB #E (E13): EIfrsr
§ ol BII0 20 BREEHETR A 15 BRB T m80R B, FORIRIR
g ol [ . 53 B R BOW P RATRHIE o
5‘? A B
204
0

iutA  fimH hly fyuA tsh traT
Virulence genes 5ohp

B2 7B bkas R A

Fig.2 Detection rate of virulence gene of isolates

R4 BERBENAFAHER

Table 4 Distribution of virulence factors of the isolates

Total=20

K3 HMOEMKARFRKESBEET HER (A RAKE
SrEEELH] (B)
Fig.3 PCR amplification results of phylogenetic cluster genes

Strains iutA  fimH  hly SfyuA tsh  traT of some strains (A); Proportion of phylogenetic typing (B)
a0z oo T 25 BEAFFINBEER
U4909 + + - + + -
4863 . P ) o PCRY™14 7 XIMLST/r BYEE R (A& 40, ik
U4789 ; + + - + ; Y08 e BEAT BRI, X . Wy &5 SR AEE. coli
U4647 - + - - - - MLSTHHR & Rt AT U, 52015 WARSTAL, 45
a3 oo * S RERINFE 5), 4 B ERIAE 10 FSTHAL, H1ST131
szz i i i i + %, 457Kk HIKHST648. ST744. ST1193,
U4275 . P ) L S 3 Bk 2 Bk 2 Bk STS569. ST450. ST8S.
U4228 + + ) + v ST73. ST44. ST10 ¥4 1 ¥k. ST744 5ST10. ST44
U4196 * - * * - 5ST10 ¥ RA — XM RN 2R, 55 NgyrB
04059 ! ! ! ! ’ ’ Hrecd
U3945 + + +
U3626 + + + +
U3520 + + +
U3519 + + + + + +
U129 + + + + + +
U612 + + + + + +

750bp—>
U616 + + + + + +
U4469 + + + + + +

24 REXRBHNYDEE
RGURE TR, R IR LR AR,
KIAFFEE 538 4 S EZE (AL B1. B2 f1D),

1-7 FKE KA adk. fume. gyrB. icd. mdh. purd. recA

L
HPpATIBY BEW AL TILAHRE, D WEURTE, B2 B4 40Tk MLST 4% 35K 7 33 45 5
FIDEE 5 AR ANF R, B Fig.4 PCR amplification results of MLST typing genes of

some strains

HORHEUS, 20 BRI, B2 B, A 8 #k,
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& 5 UPEC E#k MLST 3 BU4HIE
Table 5 MLST typing characteristics of UPEC strains

Strain STtype adk fumc gyrB icd mdh purd recA

U4909 1193 14 14 10 200 17 7 10

U4228 1193 14 14 10 200 17 7 10

U3945 744 10 11 135 8 8 8 2

U3520 744 10 11 135 8 8 8 2

U4863 648 92 4 8 9% 70 58 2

U4789 648 92 4 8 9% 70 58 2

U4196 648 92 4 87 96 70 58 2

U129 569 13 38 84 13 17 64 34

U3626 450 6 11 95 104 8 7 2

U5002 131 53 40 47 13 36 28 29

U4647 131 53 40 47 13 36 28 29

U4469 131 53 40 47 13 36 28 29

U4059 131 53 40 47 13 36 28 29

U4528 88 6 4 12 1 20 12 7
U3519 73 36 24 9 13 17 11 25
U4275 44 10 11 4 8 8 8 7
U4533 10 10 11 4 8 8 8 2

U612 131 53 40 47 13 36 28 29

ue6le6 131 53 40 47 13 36 28 29

U446 131 53 40 47 13 36 28 29

2.6 CRISPR SBIZER
CRISPRIFHIH W &5 R BIR, Btk a 6 ik
Y118 % A CRISPR1 J741, 43712403520, U3626.
U4275. U4533. U4789 F1U4863. IT3K153ICRISPR
J¥%4:CRISPRtionary (fr/CRISPRcompar/Dict/Dict.
php) HEXH/3Hr 5 K B, CRISPRE & [74IDR ¥y
“CGGTTTATCCCCGC TGGCGCGGGGAACAC”
F“CGGTTTATCCCCG CTGGCGCGGGGAACTC”
PR, ASE B PRI 54 F0AS [F] 1) 18] B9 7y 41 Spacer
(i 5, RNk ZE R . Hrhu4789
U4863 & Pk AN [F] Spacer 7 HEF1 £ 7= 1 # i3t AL

R AR, R A EREASHEE .

1 2 5 Leader
CRISPR length: 333bp; DR length: 29bp; Number of spacers: 5

U3e26
[ 7 LA W 1 12 13 14 15 16 Leader
CRISPR length: 699bp; DR length: 29bp; Number of spacers: 11

u4275
17 18 19 20 21 22 23 24 25 26 27 |Leader
CRISPR length: 702bp; DR length: 29bp; Number of spacers: 11

U4533
28 29 3 31 32 33 M 35 3 ¥ Leader
CRISPR length: 640bp; DR length: 29bp; Number of spacers: 10

u4789

38 39 40 41 42 43 44 45 46 47 48 49 Leader
CRISPR length: 763bp; DR length: 29bp; Number of spacers: 12

uages 4L OUOL OO IO ¢ O

3 40 41 11 50 51 42 52 53 54 47 48 49 Leader
CRISPR length: 823bp; DR length: 29bp; Number of spacers: 13
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Fig.5 CRISPR loci characteristic diagram of the isolates
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