DOl 10.13461/j.cnki.cja.007518 2023-05-24 15:58:56
https://kns.cnki.net/kcms2/detail/51.1126.R.20230522.1750.015.html

R E AR e R 20234F5 F 45485 45 5 1 .563 .

XEmS: 1001-8689(2023)05-0563-10

B EEM RS SHEPHITE BEE D FHRIERERRREXMR

FFE kB4 R0k LER LR OEE xEGE R
(1 BHEHAZFE-—MBER zHAEFAREREFHEF L, B 650032; 2 =@4 FER, & 650021)

WE: B @ B B 3000 A IR 5 A 2T B H 4156 (Carbapenem-resistant Enterobacteriaceae, CRE)FI
X N B L IR 4 B Y A CREFEAT B A0 AT 78, ARSI CRESE A RS G 22 18] (1) 40 TR AE S [/, A I PR CREBR G B 42 2 it
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TR N2.41%(75/3116), HLIEYLHRNA5.3%(34/75). TTs Bk Mg 25 2 A Y Chbla, N T ERESbla,,(25/34) blag,,(9/34),
&G bla,, (25/34) bla,,,(10/34), KitiZEP>0.05; ST/ ALLASTIR R A i, EME4IST1144(25/34). ST231%4(9/34),
JEYLST1124(25/34) ST23124(9/34), K tHZP>0.05. B JJHEKE B R RGN A: EHEAmrkD(34/34). uge(32/34).
SfimH(33/34)s wabG(32/34). entB(32/34), &I mrkD(34/34)« fimH(31/34). uge(34/34). wabG(31/34)FlentB(30/34), 1%
P>0.05. EMERES KA SHE I Ruge. iucd. iutA. rmpAMiroBFIE, P<0.05. 458 W EHCRES HIKYLCREX Ji)
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Molecular characteristics of intestinal carbapenem-resistant Enterobacteriaceae
bacteria and their correlation with infection

Meng Xue-fei!, Zhang Hong-juan'!, Song Gui-bo'!, Ma Zhi-gang', Li Xiao-feng', Liang Yuan',
Liu Han-yu?, and Shan Bin!
(1 First Affiliated Hospital of Kunming Medical University, Yunnan Medical Laboratory Medicine Research Center, Kunming 650032;

2 Yunnan Provincial Hospital of Traditional Chinese Medicine, Kunming 650021)

Abstract Objective Carbapenem-resistant Enterobacteriaceae (CRE) actively screened from rectal swabs
and CRE isolated from corresponding patients after infection were analyzed by paired analysis to explore the
relationship between CRE colonization and infection. The similarities and differences of molecular characteristics
of CRE can provide help and guidance for the prevention and control of clinical CRE infection. Methods Rectal
swab specimens from inpatients from January 2021 to December 2021 were collected for CRE strain screening. To
monitor the occurrence of infection in patients with positive screening results, multi-locus sequence typing, drug

resistance gene and virulence gene detection of infected strains and their colonized strains, and sequencing analysis
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were performed. Results The colonization rate of CRE active screening was 2.41% (75/3116), and the infection rate
was 45.3% (34/75). Carbapenemase resistance genes were detected mainly as bla,,: bla,. (25/34) and bla,, , . (9/34)
we (25/34) and bla,, ., (10/34) in the infection group, with P>0.05; ST type had the
highest detection rate, ST11 type (25/34) and ST231 type (9/34) in the colonization group, and ST11 type (25/34) and
ST231 type (9/34) in the infection group, with P>0.05. The higher detection rate of virulence genes were mrkD (34/34),
uge (32/34), fimH (33/34), wabG (32/34), and entB (32/34) in the colonization group, and mrkD (34/34), fimH (31/34),
uge (34/34), wabG (31/34), and entB (30/34) ) in the infection group, with P>0.05. Whether the colonization bacteria

is infected or not is related to the virulence genes uge, iucA, iutA, rmpA, and iroB, with P<<0.05. Conclusion There

in the colonization group, and bla

is a high degree of homology between colonized CRE and infected CRE. Active screening is an important measure to

prevent and control CRE infection. Active screening of CRE is of great significance to prevent CRE infection in high-

risk groups.
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R 2 Bl 22—, =& EBEIRIF R0
FEJEAN, 2 RFET ] Gk 32%~65%23, P
faFEBE LA, ARV, CRELEIEE M2
R IR S E R R, A E e A B A
JER A A 1) S S0 K % ) A A R A I s T IR E
w0, MEAQRE. BEDREERAL. EHME
PUBH 25 B 5 SV E R R R ECREFE B E R . AL
X NFER AR B AT 80 07 A I Il e 2
JEYLAEDL, WTCRE7IE & %5 4k RIB S A 5
JRGLBE ) 73 TR T 2047 o
1 #MR5EE%E
1.1 EHRERR

202141 — 12 H BWIBERER 5 — W R BB
CRE 3 3y i £ PH M 58 35 19 B W X7 UGt 97 58 5 1 Je%
Gebr A B HMCRER MR . g9 AbRHE: AFt48 hN
REAMK FIEITCREESFENEH. WTZK
BT, AXGTh 8 — kIR A PR 2 B X T4 5 A 1R
[F] — R85 22 IR O A AT P IR B DA b B 1 5 SR AN St vt
FoRmAa R . HEbRbRE: REFB G R E D,
BHELEA A WERE . AvRCEd BWER
R — B AR ZE R ik, 5. (2021)
1 H L5205 (No. L-20/2021).
12 HRT i
121 CREE#ff#

MRHE K ECDC R AR F M E# N Ftd48 hiN . 287

Carbapenem-resistant Enterobacteriaceae; Intestinal colonization; Active screening; Molecular

K] 2 Ja I — R R AR 3 B 7 R RS B0
AURIEIT IR A, B B EE ST F T
B i FEL 2SR AT IS 1] (MALDI-TOF)J5i 54306 1 ik
BHATE RS E, MICIEX 2504 Rt iT 2.
122 PCRY #mf25 A B

S FH 41 T 56 (R 41 DN A 32 B3R 71 6 32 BUA 8 58
T A 7 3 I AL DNAE NPCRY B RERR , SR 48410y
6 BE VI i FR FE R4l B . R FHPCR T V2% 68 1k
CRKPHEAT 25 5 R 3G, 519075 1) 12 R B 2%
ZWOCRROLEAT . 23R A5 blag, .~ blag, o
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123 Z{BFHaR

PR T 4 5 B A B 22 07 5% 51143 B (multilocus
sequence typing, MLST)%(# & (http://bigsdb.web.

#*1 PCRAEIYIFS
Tab.1 PCR primer sequence

BEH SRR A)(5' 3" BRI op

blag,c ~ F: CGTCAGGTTCTGCTGTCTTG 989
R: CTTGTCATCCTTGTTAGGCG

blagyrs F: GCTTGATCGCCCTCGATT 1012
R: GATTTGCTCCGTGGCCGAAA

blayyy ~ F: GGTTTGGCGATCTGGTTTTC 475
R: CGGAATGGCTCATCACGATC

blany  F: TGAGCAAGTTATCTGTATTC 740
R: TTAGTTGCTTGGTTTTGATG

blayy  F: ATGGTGTTTGGTCGCATATC 435
R: TGGGCCATTCAGCCAGATC
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pasteur.fr/klebsiella/primer_used.html) $2H4E1 5|47 71
26 AE, SR PCRYEY G 73 & ZK I K (gapA
mdh~ phoE~ tonB- infB. pgiflrpoB), ¥4 Hr=4)
I e &5 SR 5 MLSTH s 2 JEAT Lo X, 45 HiST /)R
iR
124 PCRY #&F AR

DNARI A “1.2.27 , SKRHPCRJT %X 68
PRCRKPBEAT i 24 3 (R A B ) 2L K918, 5175 %)
(R2) MR WL s AF S SR 11-12] 8017 . )R A
¥h: rmpA. mrkD-. silS. iroB~ iucA- kfu- fimH-
wabG. uge- iroN+ iutA. allSHlentB; PCRY 1 7=¥)
R RV MR R A = W 7y o~ =R,
FPEE REBLAST S CRIFFAILLRS, #ie Hag /R .
13 CREZAMLG [E R & R H " AT

CREMEM: EHRG RGN T, %k E

&2 PCRIIMIFFSI
Tab.2 PCR primer sequence

E=10| SIMFHIS'—3") J B K/ op

rmpA  F: CTTTATGTGCAATAAGGATGTT 516
R: CCTCCTGGAGAGTAAGCATT

mrkD  F: AAGCTATCGCTGTACTTCCGGCA 945
R: GGCGTTGGCGCTCAGATAGG

silS  F: CATAGCAAACCTTCCAGGC 504
R: ATCGGCAGAGAAATTGGC

iroB F: ATCTCATCATCTACCCTCCGCTC 363
R: GGTTCGCCGTCGTTTTCAA

iucA  F: AATCAATGGCTATTCCCGCTC 683
R: CGCTTCACTTCTTTCACTGACAGG

ku  F: GAAGTGACGCTGTTTCTGGC 960
R: TTTCGTGTGGCCAGTGACTC

fimH  F: TGCTGCTGGGCTGGTCGATG 909
R: GGGAGGGTGACGGTGACATC

wabG  F: ACCATCGGCCATTTGATAGA 683
R: CGGACTGGCAGATCCATATC

uge  F: TCTTCACGCCTTCCTTCACT 534
R: GATCATCCGGTCTCCCTGTA

iroN  F: AAGTCAAAGCAGGGGTTGCCCG 992
R: GACGCCGACATTAAGACGCAG

iutA  F: GGCTGGACATCATGGGAACTGG 300
R: CGTCGGGAACGGGTAGAATCG

alls F: CCGAAACATTACGCACCTTT 508
R: ATCACGAAGAGCCAGGTCAC

entB. F: ATTTCCTCAACTTCTGGGGC 371
R: AGCATCGGTGGCGGTGGTCA

WP EFRHCRE, HRERGA RIIER R I, HE
NCREMIERE . M4 E 2 ARG i B Bl e
ZWIARAE) 12 E CREMIBE BL &g, BEHLLFR
I R RIS S A A, WK R K. FE
R L IR RA. RAL BRIE. B IX .
FESR RER B B s AR AE: BRI S, R
2 s, A OC, UR4i R T90 mmHg, B
BRI R P40 mmHg; SCI A AR
B 22 MBS MR E RIS 2 AR A RS L RN M [
=10°CFU/mL. &7 T BOREE TR BvE 11 45-10° CFU/ML.
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14 Gitatr

K SPSS 230K {47 e it e, THEUEERER
B /R oR, n=40 HT= 1R Fl 2K %,
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E -0
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Tab.3 Department distribution and bacterial species detection
of patients with positive CRE rectal swab active screening and
secondary infection

— MR KRG T
GER Y e e Em B
TG EAE IR E 38 23 - - 1
LRI R 9 8 6 - 1
R 9 2 -
IR b5 HERE B 5 R 3 - -
Sk E 3 - -
WELESE R i 2 - -
OBESME 1 - -
M HME FE I - 1 2

F4 BB CRE 30 & B J 4% R IR G Ak tH CRE)
IS [ 52 2
Tab. 4 Time relationship between positive CRE screening in
rectal swabs and CRE detected in secondary infection specimens

Bl pam A JRW BEK
E TR A S 23 15 6 1 1
B A B kR R 11 6 2 2 1
A 0 A B 41 -

“7 FoR T H

221 T EEA W FA

PCRAG I, 7R, T 25 BL A R A L o 8
T bla,,(73.5%)- blagy,,,(29.4%), BG4
bla,,(73.5%). bla,,,(26.5%); SAKLLASK K bla,,.
NE, HIKADHba,, . BIAKbla - bla,,.
bla,, Sk FIMHERE A, EEA SR 0 2 R
BAESGHE N, P>0.05. 48R ILES,
222 MLSTHAEZR

MLST/r R 45 BB IR, 68PRCRKPH #H, St
g3 2MLSTAY ], HA EEASTIIA 573.5%,
ST2317% 526.5%, &Y 2ASTI14!,573.5%, ST2317H
1526.5%; @ AHAL 5 IR GL A 2 1) 22 R A G F R L
(P>0.05). Z5H L6,
H5 314k R IR £ SR AL R L 24 DR At R

Tab.5 Detection of drug resistance genes in colonization group
and infection group in 34 patients with secondary infection

&it SEMA el

Ty 245 5% (K] (1=68) (n=34) (n=34)

Va PfH

blagpe 50 25(73.5)  25(73.5)  0.000  1.000
blaoy s 19 1029.4) 9265  0.073  0.787

6 344k KRG R E A S IR AMLS T/ B 45 2R
Tab. 6 MLST typing results of colonization group and infection
group in 34 patients with secondary infection

ST/ &itm=68) EMidl(n=34) BHdln=34) , P
ST11 50 25(73.5) 25(73.5)  0.000 1.000
ST231 18 9(26.5) 9(26.5) 0.000 1.000

223 FAHEEABBEL

PCREE WM& R E /RN, TFHEFRKHBIE
WA ERMAmrkD(100%) uge(94.1%)-
fimH(97.11%)« wabG(94.1%)+ entB(94.1%)-
iucA(38.2%) iutd(32.4%). rmpA(20.6%)-
silS(17.6%)~ iroB(17.6%)+ kfu(17.6%)~ iroN(0%):
TR HmrkD(100%) uge(100%) fimH(91.2%)
wabG(91.2%). entB(88.2%)+ iucA(29.4%)-
iutA(29.4%)« rmpA(17.6%) silS(14.7%)-
iroB(14.7%)~ kfu(11.8%)FliroN(2.9%). AAfH#E7)
BeWalls; EHEES5KREREHZREAGIT ¥R
X, P>0.05. ZER KT,
23 4R TEMEEMARERE. FHHEE. STH
A A 15 L

BT 234 0F H i A 4k g B e 1) R 3 3L e R T
HiEGeE Rt bla, .~ entB. wabG. fimH. mrkD.
uge- silS. iroN. rmpA- iroB. bla v kfu~ iucA
Hlliue A5 FE R () 23 A 1 o
231 WHEAR

B3 1491 B8 2 M B A T I 25 K A bla,

KT 34BIAR R IR G B E LA IR LA g R DR A H 15 T

Tab.7 Detection of virulence genes in colonization group and

OXA48

infection group in 34 patients with secondary infection

FAER A EHYn=34) BERMAGn=34) PfE

uge 66 32(94.1) 34(100) 0515 0.473

SfimH 64 33(97.1) 3191.2) 0266  0.606

wabG 63 32(94.1) 31(91.2)  0.000  1.000
entB 62 32(94.1) 30(88.2)  0.183  0.669
iucA 23 13(38.2) 10(29.4) 0591  0.442
iutA 21 11(32.4) 1029.4)  0.69  0.793
rmpA 13 7(20.6) 6(17.6)  0.095  0.758
silS 11 6(17.6) 5(147)  0.108  0.742
iroB 11 6(17.6) 5(147)  0.108  0.742
Kfiu 10 6(17.6) 4(11.8) 0469  0.493
iroN 1 0(0) 12.9) - 1.000
“ BRI
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P R R AR bR R IR 25 35 RN 2 136 [N (Rt B U R A 3L [N, A B B RR ARG HiZ A LN AR — AR5 WA BIA KK N: &
FH5 . MLSTA A, kAR, JLACRKP)E M AL — SRR A R — B 1 A A AU ;. MLSTZ A ST ALRIST231 8L bR 4y

WA RS-E I, BL-41l. UR-JR. SP-%. AS-fE/K

Bl 340195 R G B e AL S R 257 . 35 0 FE PR . ST B /A 1% 1t
Fig. 1 Distribution of drug resistance genes, virulence genes and ST types in colonization group and infection group of 34 patients with
secondary infection

blag,, . BEIE G M 255 bla, . HAREHE
L A 5 TR B 485 1 PR 24 R DR S 30— — X B RO R o
232 HHHEH

[ — R 0 M T 5 R T 48 i B 0 R R — B
Ebfil: entB(32/34, 94.1%)+ wabG(31/34, 91.2%)-
fimH(30/34, 88.2%). mrkD(34/34, 100%) uge(32/34,

94.1%). silS(31/34, 91.%). iroN(33/34, 97.1%).

rmpA(31/34, 91.2%) iroB(33/34, 97.1%)~ kfu(32/34,
94.1%)- iucA(32/34, 94.1%)FliutA(30/34, 88.2%), K
F80%.
233 MLSTH#

] — F 1 e R 5 I T MLS T/ 2 S B ——
XF VLRI OK 2R o

24 BHERFEPRILGW AL R EE XA
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754 CRE 18 7€ 18 55 35 A 34151 75 N\ B I A 25
W ARGy, YL FRNA5.3%(34/75). K151 E
THEH D NP R R A Y A il I
YugH, W A RR A HE TR 24 5 IR RN B ) R IR AT
Gitortr: )i Kuge. iucA. iutA. rmpA. iroB
AHik#m L, P<0.05; 252K bla,, Mbla,,
e S B fimH. wabG. entB. silS< kfufliroNJG
GiitFm L, P>0.05. €IS H)3445) 2 b4
B (11.8%) 4% HiBt, 30151((88.2%) 45 A R (L4523
BIBET: 7TH B H BT . W APAHE: B
FEOH . YRS AN R 2H R B e T 385 A AR i 24 3 [
ANEE S FE R BEAT et o0 M7 . 0 i 2HL T 24 BE DR AT 55 )
BRS4RA RN 0 2R RIEE L
P>0.05. 255 L3RS,

3 it

CREMAT A ™I, XA LRI pi 7 ™ &
Iy, 25097 SRR ok T E R Pk . BRH
CDCHIH A BAHLURATIIFR e (IR fif Bk 75 25
KA RN RIT AL B 18R ) A CERITHL
FA iRt 5k 5 25 945 (10 B FF o RH AN B ) B 1 A e
SR E PR U SHCRES N K SUa b
HEFENT T v AR N BEREAT 3000 2, X 4857 3 kAT
904 B T FEAKCREM A AE & . BT 45 HI CRE

Qer] ATEZ L v6 97 5 15 DA, B 738 i MRS
FEMGE 4L BT, 48% K CREK YL K& 4L T 561
A 7iE e B, M2 F2%M B d T
Bt AL RS RIS . ARBFFE T, 3116451 B & i
HCRE#EA BE G750, EEEN2.41%, I HHE
DA 4 5 75 A B N 3 15 86.7%(65/75) He ki N K g 7
R BA V4 F A 18 43 51 15 10.6%(8/75) 2.7%(2/75), i
BR 5t N Tiid B 75 2 A4 288 Jili 98 5 55 411 1R 19 7 3 5 AL 1R O
BN, 65014 H CRKPHY H 3 i A 3441 76 N B it
i 22 1D M N e A B A AR A R SR e, 3 Tl AE
PR PRI Al JE/K AT HICRKP. 4 [ 4 B fiif 24
IR 2014—201 95 i Bk 75 25 s FEH 28 7 75 41 B i
FT99 22 W 4R 7 BN CRKPAS H 2R M 20144F1£16.4%
EFEEI20194F1910.9%,  $7~ B 5 50 5RCRKP 1B
o P T B MCRKP A R G R A 2, a3 B
PRI ML G e LT ER S, HREFT.

PR B R CREE B 25016, H ATk
ERAHA By D 3FEM . ALK 9 Fh ik 7 5
Sl LAKPC RN £ KCHOXA-48%, KA HNDM,
IPM. VIMZ#Y, 5EMH 5 RGH 2 8 2 7 A Gt 2
B X, P>0.05; I Hid # B Ha] DUE A — AN
SR BN —55. ] f i D0 B 7 8 A4 i) 2 A il
H K PC RO, A Sy i 5 A 32 A% 6 Rk 7 8 0

8 750 EL BT CRE: B 22 B 14 2B b A e LR K G I (10 45 Sy e V=1 5 27 58 D) A0 2 ) R R 1 5 2%

Tab. 8 Relationship between drug resistance genes and virulence genes of secondary infection in 75 patients with positive CRE active

screening in rectal swabs, the relationship between drug resistance genes and virulence genes in the outcome of infected patients

. RECKERA  EHOPBREL . BRGRRAL  BMR A R .
(n=41) (n=34) (n=4) (n=30)

TG blag. 35(85.4) 25(73.5) 1.628  0.202 3(75) 22(73.3) 1.000
Blagynss 6(14.6) 9(26.5) 1628 0.202 1(25) 8(26.7) 1.000

HAERE Uge 29(70.7) 32(94.1) 6.695  0.010 4(100) 29(96.7) 1.000
SfimH 40(97.6) 33(97.1) 1.000 4(100) 28(93.3) 1.000

wabG 35(85.4) 32(94.1) 0717 0397 3(75) 29(96.7) 0.225

entB 38(92.7) 32(94.1) 0.000  1.000 4(100) 27(90) 1.000

iucA 4(9.7) 13(38.2) 8.600  0.003 1(25) 11(36.7) 1.000

iutd 4(9.7) 11(32.4) 5932 0015 1(25) 9(30) 1.000

rmpA 1(2.4) 7(20.6) 4662 0.031 1(25) 6(20) 1.000

silS 3(7.3) 6(17.6) 1.027 0311 0(0) 6(20) 1.000

iroB 0(0) 6(17.6) 5650 0017 0(0) 5(16.7) 1.000

Kfu 1(2.4) 6(17.6) 3442 0.064 0(0) 5(16.7) 1.000

iroN 12.4) 0(0) 1.000 1(25) 0(0) 0.118

“ ForJii E Ml
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FEKPCRY BT B M B BT B FAMIC =322 i 1 R 3%
5 G 8 R e IR AR BRI fE R 3% . OXA487%Y
FEGAT T T FEPNRIRRI Y, (HITFEROXA48HY
i T A s T WA FEFR E AT Y, Hol it colkp3 WKL 7E
AN TR R A 2 ] AR PR T A 1 o G I MLS TX 68k
CRKPHAT [FEME T, AT H PIFRST /3, BASTI11
NES, HRONST2318L, EARSTIE FIAS H R A
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