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[Abstract] Objective To analyze the molecular epidemiology and colistin-resistant genes of carbapenem-resistant
Klebsiella pneumoniae (CRKP) by whole-genome sequencing, and to provide reference for clinical diagnosis and
treatment. Methods 57 CRKP strains isolated from clinical specimens of hospitalized patients in a tertiary general
first-class hospital in Anhui Province from 2021 to 2023 were collected and antimicrobial susceptibility testing was
performed. Multilocus sequence typing, capsule serotype, resistance genes, and virulence genes of CRKP strains
were analyzed by whole-genome sequencing technique, and single nucleotide polymorphism analysis was conducted
on sequences of all strains. Colistin resistance-related genes were amplified by polymerase chain reaction (PCR).
Results 57 CRKP strains exhibited resistance to 14 antimicrobial agents, with the exception of tigecycline. The se-
quencing results showed that 93.0% (53/57) of CRKP carried blakpc,» and the ST11 type CRKP strain had the
highest detection rate (51/57, 89. 5%). Single nucleotide polymorphism clustering analysis showed that the 57
CRKP strains were divided into 11 clone groups, of which 4 clone groups were all ST11-KL64 type CRKP. 40 (70.2%)
CRKP strains carried multiple virulence genes. Five strains of CRKP were colistin-resistant strains, the resistance

mechanism involved the insertion of ISKpn26 element at site 70 of the mgrB gene. Conclusion The CRKP strain is
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primarily characterized by the production of KPC-2 ST11-KL64, with disseminated transmission in intensive care

unit. The insertion of ISKpn26 element leading to mgrB gene mutation is related to resistance of CRKP to colistin in

this region.
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Jiti % 75 1A B (K lebsiella pneumoniae » KP) &
— G PR b O R B 2 I A e D R AT N
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Table 1 Primer sequences of colistin resistance-related genes and size of amplified products
FEH JFHI(57 =37) iiﬁ\ %% A JFHI(G7 =37 i?\ L
(bp) KR (bp) X
mer-1  AGTCCGTTTGTTCTTGTGGC 320 [23]||mcr-8 TTGTCGTCGTGGGCGAAAC 514 [23]
AGATCCTTGGTCTCGGCTTG CTGTCGCAAGTTGGGCTAAAG
mer-2  AGCCGAGTCTAAGGACTTGATGAATTTG 576 [23]|mer-9 CGGCGAACTACGCTTACAG 465 [23]
GCGGTATCGACATCATAGTCATCTTG CGCACAGTTTCGGGTTATCAC
mer-3  AAATAAAAATTGTTCCGCTTATG 929  [23]|| phoP ATTGAAGAGGTTGCCGCCCGC 136 [24]
AATGGAGATCCCCGTTTTT GCTTGATCGGCTGGTCATTCACC
mer-4 AATTGTCGTGGGAAAAGCCGC 1062 [23]|phoQ ATATGCTGGCGAGATGGGAAAACGG 138 [24]
CTGCTGACTGGGCTATTACCGTCAT CCAGCCAGGGAACATCACGCT
mer-5 GTGAAACAGGTGATCGTGACTTACCG 271 [23]|| pmrA TACGCCGAAAGAGTATGCCC 170 [24]
CGTGCTTTACACCGATCATGTGCT GGATCCGCGATTTGCCAATC
mer-6 ACTGACCAAGCCGAGTCTAAG 259 [23]||pmrB TGCCAGCTGATAAGCGTCTT 95 [24]
GCATCACGGGATTGACATAGC TTCTGGTTGTTGTGCCCTTC
mcr-7  GCGACCTCCTACCTGAATG 345 [23]||mgrB AAGGCGTTCATTCTACCACC 253 [25]
CCCTTTGGCGACGACTTTG TTAAGAAGGCCGTGCTATCC
H i 56,100, Hh =75 B A 22, 800, AR
2 R #6062, CRKP &y B # F3 g ICUB2. 6%)
FIBF I N RE (21, 196D o B A A U5 LT 0% 3 A1 I A
2.1 CRKP & # & 46 RBE RSB ST NEHE 56.1%.24.6% ., CRKP B #H A A

CRKP, B # =2 B (71. 9%) AFE I =604 14 H

HG RGETH AR ik L2 2.
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&2 CRKP B M A FRNG RGE T H¢ AE

Table 2 Demographic and clinical statistic characteristics of

CRKP patients

A =60 % 32 56. 1

FRAE R
"R 22 38.6
1 14 24.6
A 6 10.5
i s RO / M 5 3 ¥ 6 10.5
ST L HE T R 4 7.0
3 3 5.3
b 2 3.5

KRR

B ES RIS 32 56. 1
AL R GBI 8 14.0
22 R GBI 5 8.8
i g5 4 7.0
B 3 5.3
O ML I 2 3.5
W IR R GEBH 2 3.5
HoAb R 1 1.8

2.2 CRKP ##kat 25 LA 454 57 # CRKP X £
FIT A 25 YT 24 P A 8 R X ik T 2 M 2 L B PN B
U R DL SR AR R R /& B B 24 % 2R P9 v B R
LA TR BT 25 2y Bk 91, 2% . 87. 7% X H AR
FERFBTK R BRI 25 205 R 21, 220,15, 8%,
L3 3.4,

R 3 57tk CRKP 24 fl5a 45 Rk (0 ]

Antimicrobial susceptibility testing results of 57
CRKP strains (No. of isolates [ % ])

Table 3

WR 7 G A Ath / el (5 2H 45(78.9) 5(8.8) 7(12.3)

K 76 i #A 57(100) 0¢0) 0¢0)

Sk AR AR /47 B H 57(100) 0¢0) 0¢0)

JE A 55 7 57(100) 0€0) 0C0)

EV 57(100) 00 00

Bk = A 9(15.8) 000) 48(84.2)

BINSROY 52(91.2) 1(1.8) 4(7.0)

FwE 5(8.8) 0¢0) 52(91.2)

RO 23S U A

x4 5 HEHEEMZ CRKP iy MIC {E(pg/mL)
Table 4 MIC values of 5 colistin-resistant CRKP strains

(pg/mL)

URALPE bR/l 3 >128 =128 =128 =128 =128

b
=
=
B

N =64 =64 =64 =64 =04

K TR R /47 B 3H =64 =064 =064 =064 =064

JEAtL 35 F =8 =8 =8 =8 =8

FE R =16 =16 =16 =16 =16

B >k R A <2 =64 =64 =64 =064

BN RO >4 =>4 =4 >4 =>4

AR 16 32 8 16 16
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HoAth ST AU /A . DLIE 1
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4/57), HM.53 #k(93. 0%) CRKP W ¥k 5 #h
DI EmZ5 RN, B iucAliroN.rmpA F1 rmpA2
B S FE DRG0 557 L 40 Bk (70, 2 %0) 4 B AD e L 1
B SRR B0y CR-HvKP, Ho 4 gk #5774 Fhdg )
HEHE, WHE 2,

ST11-KL64

ST11-K147

HoAlr STs

ERARPARGE LA WEET 57 th CRKP 7 B bR %0 S K 241

o 41 .

Style
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WST14-KL16
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Figure

CRKP 7 Btk Y B0 B R AL R 58 % & L ST B3

53 A

1 Distribution of core genome phylogeny, ST and

capsule types of CRKP strains
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Figure 2 Distribution of resistance and virulence genes detected in 57 CRKP strains
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2.5 HBAZWBEMXARG TN 40 % CR-
hvKP 1,5 SR FE RN 2 . RIS EN R W R
i 25 HL ] WF 58 53 A pmr AL pmrB. phoP | phoQ Fi
mgrB R A BRI 5 OF 5 B B Ak KP ATCC
700603 F1 1 ¥k Zh 0 2 08 KP I R Ak 0 2% A ¥
GIVEAT LB, B R KB mer-1 ~9 FHE R pmrA.

(a) .

=

DR:TTAA

pmrB. phoP . phoQ MK EE K R AL H 5 BR%h R it
245 CR-hvKP mgrB 3 [H #4486 A AH 6 #9 1 200 bp
i) ISKpn26 J341) » H 174 76 AH ] i f2 8 B mgrB
FER AR 69 #1070 ASELAT IR Z (6] . IF H 7 16 A7 [
W 3,

DR:TTAA

5’ 3
Lo (P |
IRR IRL

I GTGAAAAAATTACGGTGGGTTTTACTG ATACTCATCATACCACGCTCCCTI | CTTAACGTAATGTGCGACCAGGATGTTCAGTTTTTCAGCGGCATTTGCACTATTAATA I

T () S P A BY AR Y mgrB HE A 5 (b) 2 B 0 2 T 24 B o1 A9 58 4 g B LR, + 70 A3 A ISKpn26 7541 5 5 4l A JF 51
AR R A 2 (5 R A B N A MR IR A B 4 B R O IRR R IRL, I A R B =ML KR,
B3 mgrBIEHIHATFIIRE

Figure 3 Schematic diagram of the insertion sequence of mgrB gene
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CRKP i 4 i 5t 28 3 T A= 22 42 g Bl =
T A CRKP b B R LA T 998 27 50 - T 1 4l 2 i
VA HE DG G PRIA YT J5 S AN W] 2D, AHIE 5 i B 4
A 20212023 AF42HURE = 0 S5 202 I B AR 1)
57 #k CRKP Btk i 15 I 40 U0 47 B¢ AF FAH O gk
B oA . ARBFEH BREF R =060 4 #F & 56. 1%,
=75 % DL LB E G 22. 8%, AT g 5 2 AE B H
A T AT 56, Tif 25 £ A5 R B R, CRKP X ik &
BE IS LS 0L TR 2R RIS T T 2 24 ) 1 T 24 R
Xof AN B 2R R TR 2R Y T 2 R IR

MLST J&—F T 4% 8 R ¥ 91 4 B 0 Jr 5. ]
AR B 41 8 =2 8] 1 35t 4% 56 R0, T/ CRKP TR R 1
HEAG R IR FI AL . AR, ST {2 B i WL )Y
FIZEM, 4 89.5% (51/57), %] ST11 B = KPC-2
KP 50 B 1F 76 LAt 0 38 BE AL R 7 . [l B 1 ik 485 e
4 A B CERPERE T R R R L 40 #R 7 KPC-
2 i) CRKP(40/57,70. 2V i 2 A8 W, 5
el [X = g% B 45 BE B & B 59. 3% (83 #k) 11
CRKP 73 B ¥k #4F rmpA. rmpA2. iroN Hl iucA
4 AN IEE ORI G5 R AR B, BT, L 4 F

B )3 A AE 7™ KPC-2 ST11 A CRKP [ # H = £
B Eb A AEAE AL 0 A5 A L R B — 2P AR

AHESE I 3 MLST F1 3¢ [ B4 45 L 40 #& CR-
HvKP #3887 L ST11-KL64 (31/40,77.5%) R &
I ST11-KL47(7/40,17. 5%) 2 F B9 9 2 v e .
Hor 5 ST11-KL47 # CR-HvKP #8 1t ,ST11-KL64
A1 CR-HvKP #5747 i it 25 & K F g ) SRR s
KU T L E AR REC &I . it REk
HRAHT . ST11-KL47 #IF1 ST1-KLo64 % CRKP i
TR E W AR ICU B ICU Fif £ 4R 55 =
WU R 2 © 8 B2 B A% 4 1 2R AT R bk . U
ST11-KL64 % CRKP 7£ TG th CRKP #4473 44
W S BOR # k4B CRKP gy iy 2 g A )20,
o7 2 I A SR G B 2 1 E R I X 5, BRI 2 A AR
W5 & 2 Bk = KPC2 fi§ ST11-KL30 # CR-
HvKP, %2 % CR-HvKP ¥ o 4k i i . 2 W] CR-
HvKP #Efi 2 HE1%

XF 5 ¥k %6 Z 25 CRKP 1943 1 AL k47 0F
GE o KB TE MR S P mgr Bk PR B IR P 4 AL TSK-
pn26 JCIF %I MF O BIE 52 R L Af A mgrB 7 5] &
KP 2618 2 1 25 1 3% 5 AL 50 . ARWRsEh 5 bR
1 SR e A7 AR A I B] (5 6 T R IR YT b R B
A ISKpn26 i AJF 511 5 ¥R & 850 0 3 A A Y
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SEFERE(AF VKDl IEHEI ISKpn26 46 A JG 4 7T fig
HLAT KF 70 58 B WL 334G AL B A 20 Zha 5020 BF
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R AR R I E AL E R + 70 A A BT IX
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A SCHRPY R GE ISkpnt4 XF mgrB 3 KA 4 A K T
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it 25 CR-HvKP 76 & B B 58 v K980, % &
XoF e PR 325 M o R I I DR i S SR BB e 4 o i
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