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A single-center study on the Genotype and horizontal carbapenemase gene transfer situation of car-

bapenem-resistant Enterobacter hormaechei strains TIAN Zhe, JIANG Meiyan . LIU Zhenzhen, DONG Dan-
dan » WANG Bin, GAO Zhenliang (School of Basic Medicine, Qingdao University, Qingdao 266071, China)

[ABSTRACT] Objective To investigate the genotype, homology, and horizontal carbapenemase gene transfer situation of
carbapenem-resistant Enterobacter hormaechei isolates from a hospital, and to provide a basis for formulating prevention and con-
trol measures for this bacterium. Methods Eleven non-repeating Enterobacter cloacae strains were collected from the children
who were hospitalized in a hospital from September 2016 to May 2017 and were numbered as Q1 —Q11, and Illumina and Nanopore
platforms were used for whole-genome sequencing. Pulsed-field gel electrophoresis (PFGE) was used to analyze the homology be-
tween strains, and liquid conjugation assay and S1 nuclease digestion followed by PFGE were used to analyze the carbapenemase
gene transfer ability of the strains.  Results The average nucleotide identity analysis showed that among the eleven strains,
strain Q10 was identified as Enterobacter bugandensis, and the remaining ten strains were identified as Enterobacter hormaechei.
All eleven strains carried the blaxpm1 gene and had five multi-locus sequence genotypes, among which ST177 was the main geno-
type and accounted for 63.6% (7/11). The results of PFGE showed that the Q4— Q8 strains of Enterobacter hormaechei had a Dice
similarity coefficient of 100.0% , all of which had the ST177 type and carried the same drug-resistance gene. The bioinformatics
analysis showed that the blanpm1 gene carried by strain Q4 was located on the plasmid. Liquid conjugation assay showed that the
plasmid carrying blaxpmi1 can be delivered to E. coli]53AziR. Conclusion Enterobacter hormaechei ST177 harboring the
bla xpm1 gene is the pathogen causing the outbreak of nosocomial infection in neonates, and the bla npy1 gene can be transmitted be-
tween different species through mediation by plasmids.

[KEY WORDS] Carbapenem-resistant enterobacteriaceae; Enterobacter cloacae; Cross infection; blanpm1; Plasmids; Di-

sease outbreaks; Infant, newborn

RA V4 I 4T 7 4 BE (E . cloacae complex, ECC) AR R G rh B w Ay B R R AR, P R IR
J&F AT E A 3E B8 B AT 8 (E . cloacae) \FE Jo FF TR 2 5 | A R I e Rk G 1) i 2 A . H i
RIBAT B (E.hormaechei ) 5, o, B8 7 FF 56 A1 3 A= b R BRS04 RE T 1 E L TE A IX 43
5 T B A G R S BEAR T R AR W drs P el B AT S A TR T ot 4 DR AL ) 2 0
P B Ry MER Y TR R E R AT A

(4 A 2025-05-17; [{@EEIR%] iozs—l”oios) TR YL ) 7 T L e T B o R I PR L,
3399EE§D&E] T R B B B I K = 2% + X7 R (2019- H1 T 4 3 D2 B A B S B 2 L L 2 Tﬁ
[BE1EE] F5HR2E, Email . gz1306@126.com REWMAIA T H T % BP9 B . AmpC il B




KBS 22 2% 55 2025 4F 12 55 40 %5 6 ] ] Precis Med, December 2025, Vol.40, No.6 . 523 .

T B 0 2 G W R BR 1 Ay B AR . AR RS T
& & AL Hlumina A1 =48 Nanopore il & L4 & fik
37 58 5 H UK (PFGE) 45 H R X 3 B2 Bt 1 ik 5 %5
T TR FF W81 4 5 ok %) 25 IR AR R ) 058 1 DA % 35 PRI 7K
VEE LG OLIEAT RN B R A IR TR B i ) e
P& AR

1 #FAHExE

1.1 HAkey kIR

B 2016 4F 9 H—2017 4E 5 A A 5 KM
o 5 e 1 2% o Sk e s L %) A T A T A B 0 2 B
A FF TR Y 3 B R 3R 11 Bk (B9 Q1~ Q1D i Q1
QLY FEAR 4> 25 A PF B B LM W 4K 1, Q2 T Bk
A3 A g RL LAY Sl 4 W, Q3 TR 4 S B
THAE AR LI 7, Q4~Q6.Q8 M Q10 T bk
A3 B A TR LRHE LAY Sl 8 P W FR W, Q7 T
BB A s BB LI IR, Q9 /T B A 22
EICU HBILW 4 W ¥ . A b A 40 18 Y B 574K 1R
(4 T A ARG B0 R A LR 2 DU O ) B A7, 11 Bk
BB EX2600 B (thocil s AW HRA
BRA D #1622 B AP B . VT H9812
(fEH DNA 43 F&EFRrI8) (E.coliJ53Azi" (B i 5
ZRED KR E ATCC 25922 Filfiti 4 58 15 1A
W ATCC 700603 (1E 2y 245 8057 #8 B k) 34 S A% e A6
R LI =R . B R GBI K R S
P e B L 1912 Wi AR B 22 g L 32 Wi b ofiE G A7) ) v
MUARIE . B BE B Y B R H A S IR B SR e 2 &
Sl (WS/T524-2016) )R AR i,

1.2 B ARBH B B 0 H il Ao 25 0K 5

FH NG-Test®CARBA 5 R ( M5 B4 W+
AN F] L AES CS000180) 46 I B Ak I 75 77 Bk 7 B s
Bt AL BT A A R B PN Tk I B (NDMD) 45 i ke 7
FEMHE; 11 MR MR L K E.coli J53AZN 19 24 S0 36
ffi ] VITEK 2 Compact F 48 (i E g B IR A A ,
IRl 5% R B E M AST13 8k (It 5
1103103503) , 24 ™4 42 6 W] Fh A T #24 «

1.3 HEAkeG B R M5 AT A F R AR R KT A
# 5 L6 #

K PEGE $ AR XU (9 11 4 B8 Ak 2 17 W] 5
P4, ¥ 3453 B PFGE El{% % A BioNumerics7.6
A bR g R AR L DB R R B B TR R L R BRI
Ho 1 BRVE AR R MR TR 2528 . ER BB 1E A
S5 A 5 S A 56 SOk L PRFGE & 4 FlE IR
BAGASC R AR AR AR i B 2 7 o C i) A RS W) AR

Xof A 2 TR R SR FH B A VA 42 G S5 0 A ) L il 7 5 04
it 5 PRl 7KSF- 1) B B A 00 ) Bk 4 1SR T NG-
Test CARBA 5 . S1 #% & i U ik i 37 B¢ Jie v vk
(SI-PFGE) B AR L S 25 B0 30 #F 47 A0 B 19 3541E . DA
S 1 ELR A A RN AR S ORGSRk
1.4 AHRORLELFREARG LA RESH

XA 11 R BB G 5 Tumina P07 £E R
G AT R P2 AR 7, I AT 10 TR AR A% IR
J7 51 5 s o4 TR ok 2 €0 A 1) % TR 1 3 g 1)l Chie-
tps://www.ezbiocloud.net/tools/ani) #E 47 Hb X, L
BRAT 11 R B BR 1 XA R — 2 CAND A, I 4K
i ANTAH2EREX 11 Bk ok B s Fh L 2L B O 3 A
25 J 0 H 8 S MO OGSOl . dF IR B 11 BRTA Bk
1) AR P 45 Rk AT Z A0 57 51 (MLST) 43 8 Cht-
tps://cge.cbs. dtu. dk/services/MLST/) LA I ffit 24
FLH 43 #F (ResFinder v4.1https://cge.food.dtu.dk/
services/ResFinder/) ., XT4X 2 B # # 47 Nanopore
AR, I 4 A H A R AR A AR R Y
YRR BURL 1Y 52 8% 5 51 7R T TE 42l L xR
TR bR Y Gl € (A I SR A7 5 PR 4 T B (RAST ht-
tp://RAST.nmpdr.org) DA K i ki & | + 25 B - #r
(PlasmidFinder v2.0https://cge. food. dtu. dk/ser-
vices/PlasmidFinder/) ; 3 {C R B M IEH Ik 5 &5
fitE 35 PR A9 i ORE 5 PuMmed 08 /% Chttps: // www. ne-
bi.nlm. nih. gov/nuccore/) X4 H § £ % i ki plncX-
SHV(NC 019157)* [ pEh27 3(NZ_CP053694) LA
K pECC2783 ¢(NZ _CP110357) ) k47 He 8 BE I 41
I3HT.

2 £ ES

2.1 HEE HHXE MLST. %% F
2 K B ey A 25

2 EX2600 TS 46 %5 %€ 0 BRI AT B Y 11
PRTE PR . PR 28 ANT (B U e 2058 5 25 1 i L X
Q10 Wtk N E.bugandensis , xR ERIBITHE.
ORI A5 R BN, 11 Bk TR X 3k A = AR Sk A
DU, B T B 0 S 25 At 15w A0 e 55 7 ) T 25
Horpr Q4~ QY WMk R B 58 4 — B, MLST %5
R R, 11 RE MR B MLST 26 5 Fh, 40 91 K
ST177,ST171,ST127,ST241 Hl ST418, Lk ST177
FFELE 63.6% (7/11), Hf Q4 ~ Q9 Wk 1
MLST 52 2 A7, NG-Test® CARBA 5 - # I 4%
FER 11 MR BRI 2 NDM Bk 5 5 M PH
oAt DU R A . 2 R A A A SR R, 11 BRI

B W Bl Ao o}



. 594 . e 22228 2025 4F 12 H 5 40 B4 6 1 ] Precis Med, December 2025, Vol.40, No.6

R B35 405 0k 7 5 Tl 5 D) bl ey LA 22 T 24
e SEQUESR 2/ 5t AN ST IESNUEIE SN TSl
i IR S P 2 W T 25 5L DD L o Q4 ~ QI TR Bk
A AR ) PR TR 25 B . 11 BR AR 9 MILST H iy
fR TR 25 B R L3R 1.

£ 1 11 HEH MLST fiEH MMz E R

kS MLST i} 25 3 A

Q1 ST171 bla~pm~bla act16 ~blacrxmis sblasavaz ~bla oxa «
aac(3)-I1la  aac (6')-Ib-cr. qnrBl1 | fosA .catB3 .
tet (A) .dfrAl4

Q2 ST418 blaxpmi ~bla act i~ blatem s blasuvis ~aph (6)-
Id aph (3")-Ib . fosA . catA2 .tet (D) .d frAl4 .
sul2

Q3 ST127 blaxpm - bla acris ~ blacrxwm « blasuvaz « aadA2b |

ant (2"")-1a qnrAl | fosA .catAl \sull .dfrAl6

Q4~Q9 STI177 blaxpmi - blaacri . blasnv iz~ blaoxa1~ fosA . aac
(6")-Ib-cr gqnrAl .catB3 .sull \ARR-3

Q10 ST241 blaxpm  fosA

Q11 ST177 blanpm ~bla acr7  bla sivz « blatemas  fosA | aac
(3)-11d vaac (6")-Tb-cr vaph (3"")-1b aph (6)-
Id .aadAl6 . qnrS1 . qnrB6 . tet (D). sull . sul2 .
dfrAl12 .dfrA27 .mph (A) \ARR-3

22 AHRUYBRBRESITER

[F] P58 1 3 B 45 2R B 7 Q4 ~ Q8 TR PR 11 4% 4K
H. &WMNETSE -8 HE5 Mm@k irzs.
BioNumerics {443 47 25 5 W78 . 11 Bk B B A9 Dice
LR E N 53.3%0~100.0% , Hid Q4~Q8 Wk AY
Dice MBI R ECH 100.0% . WL 1.

60 70 80 90 100

66. 0 ’

62.9

57.2 68. 3

B 111 R R R 4 5T R
23 REAFEKRGEBRKFEBE AL R
Q4~Q8 Wtk Y Dice FHL R % H 100.0%, H
XL TR Y MLST FO45E 7T (9 T 24 5 A 5 4 — 2,
I EPE Q4 THRAE Ry BERI 2 K e PERY R MR . BT
BV A L B0 I 25 2 R Q4 AR 5 1k
TR bla s, S FURLAL B T Z K H E.co-
1i]53AZN KA T4 N E.coliQ4-C, A/ T
(E.coli Q4-C) [ B IE : NG-Test® CARBA 5+ #6: Jl]
G PR, E.coliQ4-C B NDM I % i 55 17 i FH
P 3 SI-PFGE #6125 5 7% . Q4 B bk Al 5 #5417 1) 2

A JFRE (R /NZY S 350 000 Al 54 000 bp) H1 A — A4~
(#5 54 000 bp) £ 845 E.coli Q4-C, WIK 2; 25 #iR
¥ 45 R WK L E . coli Q4-C X Al 15 1 A1V i 1% 1 A
B/ NIE B (MIC) e E.coli]53 A2 43 B 5 16
i % 2,

452700 bp
398 500 bp

336 500 bp
310100 bp

244 400 bp
218900 bp

173 800 bp
138 900 bp
104 500 bp
78200 bp
54700 bp
33000 bp
20 500 bp

-
e
e
—
———
——
e
S
e

M: PTG bk H9812.1:Q4 Hitk;2:E.coli Q4-C
B 2 Q4 EHH E.coliQ4-C B S1-PFGE &

K2 Q4 EH¥.E.coliQ4-C F E.coliJ53Azi* X & A it
HZ54 ) MIC(p/mg + L")

kSR Qi Witk  E.coliQ4-C  E.coli]53AziR
WR AL PG 4K /A e B2 3 =128 64 <4

S 76t # =64 =64 <1

S 14t 1 =64 =64 <1
Sk feL e 5 16 8 <1
A =64 16 <1

JE A 1 T =38.0 =8.0 <0.5
W e 15 =16 =16 <1
KRR 0.50 <0.25 <0.25
FEE R 1.00 <0.25 <0.25
i ke 2 <2 <2 <2
THEE <1 <1 <1
PFkEE <l <1 <l
e Y e/ Y N <20 <20 <20

24 REAFHKRLGARAFINGEDZESER
M AL Tllumina 1 =, Nanopore I ¥ 3F & 3k
5 Q4 TE PR Y e £ R TN TRL Y 58 HE T 81 L R IR AT
AEYE RN AR BN, Q4 MRS T 1 &4
TR 2 AN BB, 43 1) 8 Hfiw 44 2 Q4-Chr, pQ4-1 FiI
pE348_NDM; Bt f& Q4-Chr (751 £ B DL & 71
G+C &9 A 4 787 930 bp.55.44 %, I H H
bla acrr  fosA Tit 25 3L R TiZ g (ke b ok pQ4-
1K SRS G4 C & DL K B 728 1 )
SR 350 528 bp.47.88% Fl IncHI2, I H.i% i #i 4%
WA aac(6")-Ib-cr bla oxa, ~catB3 qnrAl \ARR-3



KBS 22 2% 55 2025 4F 12 55 40 %5 6 ] ] Precis Med, December 2025, Vol.40, No.6 . 525 .

Al sull Tt 255 Bk pE348_NDM ) 5 41 K B il
I GHC Fat L E Hl 2553 5 54 036 bp.
49.03% 1 IncX3, I H 1% i ki #5 W A blaou, Hl
bla spv1, T2 HE

W Q4 BRI B FOR. pE348_NDM 5% % fi
$i pIncX-SHV (NC _ 019157), pEh27 _ 3 (NZ _
CP053694) #1 pECC2783_¢(NZ_CP110357) # 17 It
BB 2] 4 A, 45 2R Bk . O Bk pE348 _ NDM
5 pIneX-SHV BB XA 99 0 Eam R =>99% 1y
A2 R () 5 2 WY 3 T A JB A7 1) ‘B 2 235 ) 2 AR X
5T 1 B2 Fokr pE348_NDM (1) B 28 £ 2k 7 KA
wmuD s @ X JFRL (1) AR X 3 R R pE348
NDM, pIncX-SHV I K& pEh27 _3 # &% A The-
bla iy region, I H Jii ki pE348 _NDM, pEh27 _3
PL K& pECC2783 _ ¢ ¥ & A1 it 25 & B blaxow:
ATnl25, 7EfEKk: pE348 NDM 1, The-blagvi» re-
gion 45 4245 1S26 . Ayib] . deoR . bla sv1s + 1926
X IR T 1S26-bla spy 1,-1S26 5 J38 BT 5 #H L T 58
L) 1S26-bla syv-1.-1926 5 s B 5008, Bk pE348
NDM #l pEh27 3 B The-blagyyv., region & JZ 1]
f) . IF HBkE T 3 AN yjoM  yjbL Fil yjoK 5 55
¥i pE348_NDM LA K pEh27_3 A E , kL pIneX-
SHV 1§ The-bla sy, region & 1F [a] B4, 75 H T 746
AT FH 183000 B H AR 4 .

3 0w 8

ERATHEIE T AT EE . & ECC 1 —F, &
ECC Bl Ye Y 65% ~75% . HERT, i+ 40 5 %
J5 vk n B 6 T 5 1% B A A AR 1 J7 B AR A T
EUERR X 3 ECC iy — L F, 5 B4 E A58 4 E
X H AT AR X B B B s L E K
FF TR AR A == 38 [ 0 PG A b ) 4 R K 5 | kAT B AR
Y 3

A 5% # F Illumina M1 Nanopore Ml JF UL &
PFGE S& AR XS 7 B A9 11 #kE 8 52 T ik 75 % M 2R
B V8 I FF TR C QL ~ Q11 1) 5 PR 780 1 ] 9 14 LA B ik
PRS- o 15 B0 EAT 20 o AR DFFE 09 11 #K 18 R4
I % SR T EX2600 BTG A%, 28 F 4% 1 IR — Btk
ANIH% % .8 1 R (Q10) N E.bugandensis » HAlb
10 k349 0 78 G 1 AT B8 15 W15 % 480 55 ANT {H X 48
BB S A7 22 50 . ANT 26 1 Ak I e 58l 5
o Y TR AR (0 % 1 1R e 9 R AT LG X6 IS 3R A 1Y, S
TREAA P R O 5 v o (BT B3 A7 AE — & 1 SR B L
TR AR o T IS 2 X I Y 4t AT v B Y g3

Hro HETAE A FIRIRMAEY LR E A& T/ETN
TR K E

PFGE £ AR 2 H ik I Bs B %% & 41 o a4 1) %
MO merr " . FEARBFE M 11 BRI, Q4 ~
Q6 ks> E A B A LR B 3 L Dice AL FR %k
9 100.0% , [AIBF3X 3 BREE R MLST ¥4k ST177,
oA I 25 B B o2 e AH R . A4l TENOVER ML
JUJEE RN QA~ Q6 TE R AR AR A5 R i AR
WA BT, AT LUK E 3X 3 MR B MR 7E 2 F AT I 2
B TR A B R BV R IR 3 R R A AR TR R
v B I AL RE . 53 A WA TRAT I 24 19~ = 8] 4
A 7 HEAT A3 AT < AE I 7 T, Q4 ~ Q6 TR 4 Ry A
i ] P 40 B (A3 B IF ] 2016 4E 12 H 8 H —2016 4E
12 7 26 H)AE“25 07 )5 TH . Q4~Q6 Wkk¥Ik A T
BAE LR TR N8 5 T AT T8 A2 LR BT 2R L
Z (8] S PRI AN = R 43 A 7 1 B3 AT 0 2 A A 4 SR
OIS B S AR AR LI R e R e R R . QT
WART 2017 4F 2 H 20 HAr & A& shFE 5 Q4~
Q6 Ttk 73 B B BEE A (A, 43 2 i 1E] 1] B S H s Q8
WART 2017 4 2 H 25 HAr & AT LR 5 Q4~
Q6 TR Pk [F]— Bk 3 L AH 43 85 B[] o (] B o9~ H, TR
Q7. Q8 Wtk E RS Q4~ Q6 WA M A ) PFGE
Ztt JMLST 15 27 AH [F] i it 25 56 PR, 8 4 38 30 4%
VAT 27 I e B G % & e Fn o W S RE W
X2 HRAEMRYS Q4~Q6 WMRAATE R, Bk, 25 G
DL b4y F AT 2= 5 AT e = A5 B BRI LE
FAE LB 2016 4F 12 AW &AL HEEH bla o
bla xerr s bla vz ~ blaoxat ~ fosA . aac (6')-Ib-cr.
catB3 .qnrAl . ARR-3 F sull Tit 25 KA ) ST177
BRI R AR, 2R A
R 253 ST177 22 1K A1 B8 78 37 4= LR
5 R AR I N AT RRGE

i} 245 3 PRl A A% 9 B 1 40 TR e B (3R B A 3R A1
W] LA R A B8t A T A R AT A TR N R (EO
T ] A B RUKOE 685 . o T R 5 R 28 R R 1
TG0 AT TR L T 485 15 1 ke 7 2 M T 2 IR ) /K1 % A1
B AT Q4~Q6 TR Y ik HE Q4 Wk, 5 E.
coliJ53 Az HAT BRI AR#E G L5, SR BR, Q4
PR T LUK #5417 blasow 38 Y BT RLAZ 3 45 E.co-
liJ53Az", X ARG IES F E.coli Q4-C it — b
T2 R 86, 45 R BoR L E.coli Q4-C X JE il 15 7 AN
M 55 1 19 MIC [ E.coli]53AziN & 16 1%, & W]
Q4 TR X B 7 2 0 S T 24 5 S bla won 2R A
XK, AR 732 5 N 28 SR A 5 0] DUAE S [R) s 48 B



. 526 EUEE 2K 2025 4F 12 H 45 40 55 6 ] ] Precis Med, December 2025, Vol.40, No.6

Z I HEAT 3 K- 15575

Bl 558 35k PR A 2 40 BT 10 445 SR S o AR BF 5 1) I kL
pE348 NDM 5% % i ki pIncX-SHV ., pEh27 3 #il
pECC2783_c 1 H 4225 K4 DX F A1 I XA AH 7] F1AS [7]
1) % 1R 7 371 5 3 F A% A6 ] B 5 i 24 3 R A gt A% AR
S A LA B A% 356 A OG . 16 W FF TR 40 TR L B
F Tnl25 A] LA i 5 % 1 7 200 5 blasow 19 1%
R, JF HLAE S J% 0 J 20 = 10 9 PR TR DL A& b B 1
J7 KAFFE = [FRE FE R pE348_NDM ,pEh27_3
Il pECC2783_c 1, Tnl25 s VAR M 09 7 R AF1E .
A0, R pE348_NDM 1) ATn125 J& /2 ] i . Hih
WAL 45 ISCR21, groEL | groES . cutA .dsbC .trpF |
ble i ~blaxoas ~ AISAbal25, Hir, AISAbal25 (¥
FTW A IS5D FH A G X

T3 A TR R ORG24 SR MILST 5
2T I B A 1 N 2 B DR ) A% A Ok . AR A2 T
T3, Q4 W R 5 1) BURL pE348_NDM J& T In-
cX3 #, DONG " i blaxou FEH O] AL F 9 F
ANFZER g R 1, H R R 28060 T IneX3 B T kL
e B BRL S bla som T8 [R) Tl B [W) 40 76 Y
REWOAL A G, WA, oAb B 75 25 B 56 DY (A
bla oxars ) W AT F 3% 2B ok 1107, 1 n] 8 51
R . O Hh L b 75 55 5 25 78 TG A1 181 1Y) o e A%
5L MLST A —& & &, 17 NDM-1 il 2 [
JAFF B ST78 H ok = £ [ By v et 72, 3k 5 A AF 5%
J ST177 Al ,

L5 FRTIR AW B RARIE T B bla ow -
bla acrr ~blaspva: T bla oxa T 25 ) ST177 & [R
Jo AT 8 51 1 B A L EE B R Y 2 kL JF B A
bla o F& R SR B AT 76 A [6] Bl g 22 (8] K 7 e %
T 00, A 5T A 4 il R 10 )7 B R 25 T 2 1k R I T
BT BB R UL A L A R s A 0 X T Rl T R U 2SR
G AT B AT 4 1 DA 0 27 )= 1 ) A

P AR 4T 3 0F E L P AR 38 B 15 T DRI B A7 1 % 39
SETIRCIHEEMIEN. B4 E % 50 06 R 8 % %% 1
i ) AR A7 35 0

[ 5% 3k ]

[1] GANBOLD M, SEO J, WIY M, et al. Species identification,
antibiotic resistance, and virulence in Enterobacter cloacae
complex clinical isolates from South Korea[ J]. Front Micro-
biol, 2023,14:1122691.

[2] QIUX M, YE K, MA Y N, et al. Genome sequence-based

species classification of Enterobacter cloacae complex: A study

(3]

[4]

(5]

[6]

[7]

[s]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

among clinical isolates[ J]. Microbiol Spectr, 2024.12(6):
e0431223.

GODMER A, BENZERARA Y, NORMAND A C, et al. Re-
visiting species identification within the Enterobacter cloacae
complex by matrix-assisted laser desorption ionization-time of
flight mass spectrometry[J]. Microbiol Spectr, 2021,9(1):
e0066121.

WU W J, WEI L., FENG Y, et al. Precise species identifica-
tion by whole-genome sequencing of enterobacter bloodstream
infection, Chinal[]]. Emerg Infect Dis, 2021, 27(1):161-169.
WU W J, FENG Y., ZONG Z Y. Precise species identification
for Enterobacter ; A genome sequence-based study with repor-
ting of two novel species, Enterobacter quasiroggenkam pii sp.
nov. and Enterobacter quasimori sp. nov[]]. mSystems,
2020,5(4) :e00527-20.

SOUNA D, DRISSI M. ALMAHMOUD 1, et al.Enterobacter
cloacae complex and CTX-M extended-spectrum (-lactamases
in Algeria[ J]. Microb Drug Resist, 2022, 28(3):346-354.
YEH T K, LIN H J, LIU P Y, et al. Antibiotic resistance in
Enterobacter hormaechei[ J]. Int J Antimicrob Agents, 2022,
60(4):106650.

LIU Y, LIU X J, LIUR S, et al. First characterization of four
repeat regions with the bla xpy1 carried on an IncFII plasmid in
Enterobacter hormaecheil ]]. iScience, 2025, 28(5):112369.
2L A = T 2GR A SRR LML 4 . b
5 MR A AL, 2015:181-184,781-790.

e N RSN T A 8. B2 B R G 12 W A v Gl il 5 (D
(1. HiBE2, 2005,36(8):495.

A A NRIEMEER DA UAETZE RS BRI REL
Pl 45 M. WS/ T 524—2016 [ ST, Jb &t H [ 45 #E AR At
2017.

XK. B T A 0 2 T 24 v T AT O U B R I T 24
DA ) He R R R IR MR SE (DL 7 & - 75 & k2. 2022,
FHLEGRE Z LY AR [FI 5 blaNDM-1 1 blaKPC-2 %
[R5 e B A B O 9 () 1. RS2 32 Wi, 2023,27(3):
279-283.

WU W H, WANG J, ZHANG P P, et al. Emergence of car-
bapenem-resistant Enterobacter hormaechei ST93 plasmids co-
harbouring bla NDM-1, bla KPC-2, and mcr-9 in bloodstream
infection[J]. J Glob Antimicrob Resist, 2023,34:67-73.
CHEN CM, YU W L, HUANG M, et al. Characterization of
1S26-composite transposons and multidrug resistance in conju-
gative plasmids from Enterobacter cloacae[ ]J]. Microbiol Im-
munol, 2015,59(9) :516-525.

LIY, LIU Q. QIU Y C, et al. Genomic characteristics of cli-
nical multidrug-resistant Proteus isolates from a tertiary care
hospital in southwest China[ J]. Front Microbiol, 2022, 13:
977356.

HO P L, CHEUNG Y Y, LO W U, et al. Molecular Charac-
terization of an Atypical IncX3 Plasmid pKPC-NY79 Carrying
bla KPC-2 in a Klebsiella pneumoniae[ J]. Curr Microbiol,
2013,67(4) :493-498. (T34 531 )



i i

BE2 2Rk 2025 4F 12 H 26 40 55 6 ] ] Precis Med, December 2025, Vol.40, No.6 . 53]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

gistic effects of tacrolimus and azole antifungal compounds in
{luconazole-susceptible and fluconazole-resistant Candida gla-
brata isolates[ J]. Braz J Microbiol, 2015,46(1) :125-129.
CLSI. Method for broth dilution antifungal susceptibility tes-
ting of yeast-4th ed. M27-A4[ M].Way ne, PA:Clinical and La-
boratory Standards Institute,2017.

BB B AT A B ULAE R T SR W 5 BT % A T A T T IR e
RO 0] )7 o S R e nA I D P Rl S NRENY 3 QL 3
TP KR, 2018,

TR AE ORDGORARRE . AT R W R 15 5 4R L A R AR
T B HivERELT ], UE WA, 2021,61(12) :3844-3855.
KARABABA M, VALENTINO E, PARDINI G, et al
CRZ1., a target of the calcineurin pathway in Candida albicans
[1]. Mol Microbiol, 2006,59(5):1429-1451.

ONG S C, GASTON R S. Thirty years of tacrolimus in clinical
practice[ J]. Transplantation, 2021,105(3) :484-495.

CRUZ M C, GOLDSTEIN A L, BLANKENSHIP ] R, et al.
Calcineurin is essential for survival during membrane stress in
Candida albicans[J]. EMBO J., 2002, 21(4):546-559.
SUNSJ, LIY, GUO QJ, etal. In vitro interactions between
tacrolimus and azoles against Candida albicans determined by
different methods[J]. Antimicrob Agents Chemother, 2008,
52(2):409-417.

PANDEY N, TRIPATHI M, GUPTA M K., et al. Overex-

[19]

[20]

[21]

[22]

pression of efflux pump transporter genes and mutations in
ERGI11 pave the way to fluconazole resistance in Candida tropi-
calis: A study from a North India region[ J]. ] Glob Antimi-
crob Resist, 2020, 22:374-378.

KHODAVAISY S, GHAREHBOLAGH S A, ABDORAHI-
MI M, et al. In vitro combination of antifungal drugs with ta-
crolimus (FK506) holds promise against clinical Candida spe-
cies, including Candida auris[J]. Med Mycol, 2023,61(7):
myad069.

NEVES-JUNIOR A, CARTAGENES-PINTO A C, ROCHA
D A S, et al. Prevalence and fluconazole susceptibility profile
of Candida spp. clinical isolates in a Brazilian tertiary hospital
in Minas Gerais, Brazil[J]. An Acad Bras Cienc, 2015,87(2
Suppl) : 1349-1359.

CHENG S Q, TANG M M, DU ], et al. Effects of antifungal
drugs on the plasma concentrations and dosage of tacrolimus in
kidney transplant patients[ J]. Eur ] Hosp Pharm, 2022, 29
(4):202-206.

TOME M. ZUPAN ] R, TOMICIC Z. et al. Synergistic and
antagonistic effects of immunomodulatory drugs on the action
of antifungals against Candida glabrata and Saccharomyces
cerevisiae[ ]]. Peer], 2018,6:e4999.

(AXp# FxE

FRE AR

(L35 526 )

[18]

(191

[20]

L21]

TENOVER F C, ARBEIT R D, GOERING R V, et al. Inter-
preting chromosomal DNA restriction patterns produced by
pulsed-field gel electrophoresis: Criteria for bacterial strain
typing[JJ. ] Clin Microbiol, 1995,33(9) :2233-2239.

DONG H Y, LI Y, CHENG ], et al. Genomic epidemiology
insights on NDM-producing pathogens revealed the pivotal role
of plasmids on blanxpw transmission [ J]. Microbiol Spectr,
2022,10(2) :e0215621.

DONG D D, LI M L, LIU Z Z, et al. Characterization of a
NDM-1- encoding plasmid pHFK418-NDM f{rom a clinical
Proteus mirabilis isolate harboring two novel transposons, tn
6624 and tn6625[ ] ]. Front Microbiol, 2019,10:2030.

HUH Y, HU Y F, PAN Y L, et al. Novel plasmid and its
variant harboring both a bla(NDM-1) gene and type [V secre-

tion system in clinical isolates of Acinetobacter Iwoffii(]J]. An-

[22]

(23]

[24]

timicrob Agents Chemother, 2012,56(4):1698-1702.
LI X, WANG Q J, HUANG J W, et al. Clonal outbreak of
NDM-1-producing Enterobacter hormaechei belonging to high-
risk international clone ST78 with the coexistence of tmexCD2-
topr]2 and mcr-9 in China[J]. Int ] Antimicrob Agents, 2023,
61(6):106790.
LEELAPSAWAS C, SROITHONGKHAM P, PAYUNG-
PORN S, et al. First report of bla oxa1s1-carrying IncX3 plas-
mids in multidrug-resistant Enterobacter hormaechei and Ser-
ratia nevei recovered from canine and feline opportunistic in-
fections[ J]. Microbiol Spectr, 2024,12(3) :e0358923.
CHEN C M, TANG H L., CHEN Y T, et al. Emergence and
transmission of the high-risk ST78 clone of OXA-48-producing
Enterobacter hormaechei in a single hospital in Taiwan[ ] ].
Emerg Microbes Infect, 2024,13(1):2404165.

(AL HE KB

YR& 435 254 A 22500

N R HEAT IR 0] 9 2 R S AT HLR 51, AS PG 35 30 4318 SCHT B4 F 0 SO 22 6 oR I B i A S5 A s 22 P S22 L 350 o
ZEAT R SO B S SR X N, SR U A R - O B QU5 ik OF R M @S58 4 3850 A% & L1 5 AR5 Bk . (H 251 1
EIRARAE, BUKE A B RS BORAMR IR . O H Y (Objective) « il B2 450 BT 28 89 H Y, UL WT 2 H 1] B % % ol o 3% WTAT 5 1) 910 )0 o 2240
@75k (Methods) . fi B UL B AT 58 R A9 SEA BT (T A 2 BORERI TS 15 A el 43 4068 B, A1 50 3 ) ORS00 2 8000 2 A ] JBCAS: A9, 22 Fif
Gl A . OS5 (Results) « AT 2251t WF S8 9 E BEAE R REE A AF 230 2B, B [ R R BR . IR iS5 R I B (. i h e 3
PERZ I AT VI . @258 (Conclusion) « /] B U8 W1 22 56 L 18 UE RUAS: ) T 700 L o A JFG S 10 {0 sl 7 0 1 O 765 T 9 72 sl e ) 480 0 6 3 S 22
BB 0 B B SO B S 1 A B R H S A B L 5 AR )



