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Epidemiological characteristics, antimicrobial resistance genes, and viru-
lence genes of carbapenem-resistant Klebsiella pneumoniae ;. a study based

on whole genome sequencing

RAO Yuting . JIANG Lei s GE Ru, ZHU Liuyang , LIU Yanhui , ZHANG Yu (Department o f
Laboratory Medicine, Puyang Oil field General Hospital , Puyang 457001, China)

[Abstract] Objective To explore the clinical characteristics as well as molecular epidemiological features of resis-
tance genes and virulence genes of carbapenem-resistant Klebsiella pneumoniae (CRKP) infection in a region, and
provide scientific basis for the prevention, treatment, and epidemiological study of CRKP. Methods 60 non-repeti-
tive CRKP strains isolated clinically from Puyang Oilfield General Hospital from November 2023 to September 2024
were analyzed retrospectively. Antimicrobial susceptibility testing was performed using VITEK 2 Compact automa-
tic microbial analyzer, K-B disk diffusion method, and micro-broth dilution method. Mucus phenotype of bacterial
strains was identified by string test. Carbapenemase was detected by carbapenemase inhibitor enhancement assay.

Molecular features, such as multi-locus sequence typing (MLST), capsule serotypes, resistance genes, virulence
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genes, plasmid replication types of strains, as well as the genetic and evolutionary relationships of strains were de-
termined by whole genome sequencing and bioinformatics analysis. Results CRKP strains were mainly isolated from
elderly male hospitalized patients. Specimens were mostly from sputum (71. 67%), mainly distributed in depart-
ment of respiratory medicine (30. 00%). All strains were highly resistant to multiple commonly used antimicrobial
agents, only with high susceptibility rates to cefotaxime/avibactam, tigecycline, and polymyxin B (>>60. 00%).
Two CRKP strains were positive for string test. 95.00% of the strains produced class A serine carbapenemase. All
strains carried fluoroquinolone, phosphomycin, p-lactam, and aminoglycoside resistance genes; enterobactin, Esche-
richia coli common pilus (ECP), and outer membrane protein-related virulence genes; as well as plasmids from the
IncF plasmid family. Carbapenemase gene was mainly blagpc, (95. 00%) , and the major capsule serotype was KL.19
(43.33%). In MLST, ST11 (51.67%) was the dominant clone group, and ST11-KL62 (7= 12) was the dominant
subtype. Conclusion CRKP in this hospital is highly resistant to multiple commonly used antimicrobial agents, and
its mechanism of resistance to carbapenems is mainly related to the presence of blagpc, resistance gene. All strains
have coexisting multiple resistance genes and virulence genes, and show a phenomenon of multi-clone transmission.
ST11 is the dominant clone group, and ST11-KL62 is the main prevalent subclone type.

[Key words] carbapenem-resistant Klebsiella pneumoniae; whole genome sequencing; antimicrobial resistance;

virulence; clone group; capsule serotype
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Figure 1 Distribution of K and O typing of 60 CRKP strains
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Figure 3 Distribution of resistance genes of 60 CRKP strains



[ YL ) 24 A 2025 42 10 A58 24 545 10 ] Chin ] Infect Control Vol 24 No 10 Oct 2025 « 1373 -
60 58
554 54
501
45-
o 404
% 35 31 31
& 30
K 254
¥ 20
151 12
104
54 1 1
0_
S \¥ N
€§?‘ QOQ\?* 03\% Q\ x\‘b x@’b \q, 00\\ \03‘ \00\5 ‘&b
S ¥ & x<\°
[k 2
4 60 Bk CRKP JikiZs 843 1
Figure 4 Distribution of plasmid types of 60 CRKP strains
60 60 60 60 60 60 60 60 60 .
60+ 58 58 58 58 58 58 58 58 58 58 58 @ m . IZESNEES
55 55 55 55 o
55+ LIS S
50 W R E
454 MECPHE
40 W SRR A
36
ﬁé 354
ﬁ 304
%@ 254
201
151
101
5_
0 D Ny SR QO 8V ESE » O R
§ >N Ay ‘ & 9 > >
P xc? O (TR R @\ @\ 3\0\ %0\ AR %0\ 3\0\4\@&& \@Q\_s %QQQ'L&(\}&&@ B 0‘@
;\090 o \090 ,%090 %0% %\{ﬁo
B JJ 3 P
5 60 #k CRKP # Jj &[5 43 1
Figure 5 Distribution of virulence genes of 60 CRKP strains
Jils 760 78 Y 2 B CRKP J&k Y 2 22 % Ak 7 I Wi 3
RO WIRIE . SCHRT 8 L CRKP E M5 YA 56, %

e G52 vy it 245 2 4 4 A 35 I R bR 1Y 0 245 2R AE
To kPO T 25 L] A AR R R EIE B . T WGS
FOREE G WA B2 00« AT i A D T 58 B R I
A R D JB T R HE G O AR LA B R AR LA T 2

AIE U T 1 BB AR S PR A TR .
ABETERI WGS FEAR X CRKP bR 24T 2 0 2047

AFgEH CRKP 2k A B 45 J R B . X
BERRE AW BOR VRN 2 e TR T R T
CRKP Zy I O HE L B2 g o 7 g K T 28 N BERY
CRKP fifi 5 TAE . B bk 32 BRI T8 R M S

B i T A 2k BB CRKP S5 DIl R B2 i 56
S R O WA b i W = e R Y A i S
R R LU ICU FIRR AL B2 R, IR Wl A B A1
ICU 5 K 2 A W E 46 4 L TR S5 R AR B A
s T CRKP &G XU A AR
w2 A 1CU gy RIERE 2 Jﬂ:*%%jﬁﬁﬁf
SRR ELTI T e AR S ) i R 25 . It
= [t e 4 7y 4 17 B A O 56 TX 2 sy i A A L AR
PRA R APEBR AT TR AL - LG TC B R4 L 5 BRI
244,

RO I 45 R R .60 Bk CRKP X} £ fvi W4t



. 1374 - e ] e s ) 24 2025 4F 10 45 24 %55 10 81 Chin J Infect Control Vol 24 No 10 Oct 2025

DA 24540 1 BE T 247 ASORT Sk 960 4th € / BT 248 [0 38 % i 34
RMZRE R B USRS KW 5 X CRKP 5]
PR S ErE e  UENELTE 7 S S T ST R
KAt /P E I R AR M EZRE R B 2ib
57 CRKP 119 7 3% 25 4 , {H 3k 960 s W / B 4 4 38 40 %
A D 2 22 F IR Wk 75 R M il ) CRKP A %50, %)
7 B4 R A AR O R BB R SR A
. ZHWE B BA B SEEM g X )m
FECPE ] T i R BT BT M . I SR I O
T CRKP il 5 N7 £ 35 J& e F 457 I J 1 45 25 ol 4
PLAE Sl RA ALK HETR YT .

PRI R, CRKP 1] 3 £ Rl il 4 5 it
2 LA BT R R TS B PN T M T A/
AmpC B FIFAMRILE AR FHE R GEAL
St ANHERE I BE R L A I 0SS . A WIS i

T g M Tl A1 ) ) g a0 i 24 R R R N R
B iE  #9h % Be CRKP 9 3= 221 25 AL i oy 7= i
B M

ZBEBE CRKP # 6 ft ST wa B HE £ 16 2 5 b
ARG $m S50 5 7 8 o7 4K 1A W AL o DA B 2
HAF AT %A, ST11 Jy CRKP FE AL #58
REdE, S E EERAT R -8, —migm . £
Rl BF g8 45 R B R, KLe4 fl KL47 f& off
CRKP == 2 {14 J& B i 35 7, (A A WF 58 & 3 KL19
F Y TE A X — DR B T X A3 A 1 22 S
KA X W CRKP (b B, JE4RIE"" L 4F
RALH TR ST 78 3 B I R B B 5 B 2 4 9
% ,ST11-KL47 % 4 9 ST11-KL64 B, A BF 5%
KB ST11-KL62 J& F 2 i AT i W e B 51 R 48 &
AW — 2P R, ST11-KL62 J& i — 2K
ST11-KLo64 i e AT ok .t T A #F 58 o A %L
AR, CRKP B bk & 75 i B0 v B B 53] 14 18 1k 5%
B AT T 22 ot A T 0 A0 2 B2 AT o Ok
Bk .

AWK 10 25 66 il 24 56 R, Ho i
BRI IE T L blagee, N K IE blasow > 5 E P
MSEHRIE — B, BT B MR 25 485 707 6 s 3 i S
AR RS BN Ik e 2 N S B 1 2R 2 I 2 b
i 227 355 D] e A7 25 5 B0 AR X 22 B 25 W i 24, DI 45
CRKP &Y (36 97 4 R Rk . ok & 3
CRKP {548 7 — Pl ik 7 85 05 il 35k A R AL 55 3% 460
3B CRKP W] [ #5717 22 ol i 5 25 5 Tl 5 1A 158
CRKP (13 it 245 VA% 16 AL ] A7 76 o 3 22 51 . b
CRKP g g 42 il ¥ B K H A2 A%, i Bk A 3 (9 it 25

L A5 B OB T 6 AT 8 S AT Bt 4% ot
P o e 5 A% 36 B 0, I T 2 B R R . A
FE R RE Sy B R A 2 B DL B TORL, BB CRKP
A 5T 22 0 TR, A B i B 2 3K A T2 AL % L 5
A R e ke B K. IncF J5ORL 5 (09 J5RE7E g AT
P ) 2 AETE W 350 | 1% 3D Ik e Bl 2% sk
T M T R TR A T 24 R TR 9 0 o R v 47 v
FEM O, AL CRKP #4H IncF Uk &
T JBORE » 7 WA 4 12 50 REAR 7T iR S CRKP 3K 15 1iif 24
P 1) S AL R UK

H i e 5 i 25 #1085 5 5 1 hv-CRKP iz 8
B A2 hyv-CRKP A 78 I PR PR 3 75 1, 51 3k
5 Bt JE% e 2 K 1 AR 0 FE R Bk B A I AR SRR B
P0G g B AR 20 BIF 5T N B A R A R R
RUAE Ry 0 o 85 7 M bR S R L AR B SR AT T
TR PR 5 VR R R Y S TR 2 RR PR TR (H
BIFE R TR R R B iR S 5 A R AR
TG B3 I T MR A 9 hvKP R G 7 ) L R v
HEGEAET S, Hd pegid44.iroBiucA.rmpA
FormpA2 WY G % 2 HI W hvKP 9“4 h5 7,
DL b hvKP 565 ) 5 IR by A B 5 ALK Y ducA
(55 Bk) .60 Bk CRKP ¥y A i HAth pu 35 B, 136 BH
WS R BI A & hv-CRKP., {H 60 #k CRKP #:l
F) 25 Fhag Sy HE A BB bR A B AR Y Al Z R e,
I FER RS 2R A R
FFR 2 (ECP I B RS A G 8 ) 5L B
—E T ) Ko 2 AR U L N R I
PRI 8 FE TR

25 F TR % e CRKP X 2 8 H WH #2549
BT 24 FEXS i 75 25 0 2 25 WD s 25 i PIL ) £ 22 5 45
HF blagee T 25 35 A G . BT A B Bk 349 47 78 2 Fh it
YL I, R Z AR LS, ST
FEPLFHTERERE . ST11-KL62 2y F 2 J AT (1 . e b
TG R AR AR B BE B R
VA Rt AR N D R 2 g VY T N S
FE AR I 45 RAEAE— 0 Jm B o DL e 4 1R
FEUE P M X CRKP A i 28 F 25 3454

TR P A B4 BB AL A 5 (B B Ao 383t X
W EH R M/ BRI X RE (RFE
I F I I HGERARER) ;2 FABEALA SR
(Ba B Fe i3RI Fr i LR E (AT L min AR
AEMIFEF ) B ABEL LA T (ERAR) A L
HEXRFUTH HARIMHA L) A G FAEL L



Hh IR ek e 5 il A A 2025 4F 10 A 5 24 5 10

Chin J Infect Control Vol 24 No 10 Oct 2025 .

1375 -

(R AR Ao TAF LA (Gt 440D s X He 2 A A A
5H R (REHIE) ;KA AR LG AR CRERE)

FBFR ITREEAFARGEFZF R,

(& % x #]

(1]

(2]

(3]

[4]

(5]

Lo]

[7]

[8]

[9]

Dong N, Yang XM, Chan EWC, et al. Klebsiella species:
taxonomy, hypervirulence and multidrug resistance[ J]. EBio-
Medicine, 2022, 79 103998.

Ibrahim S, Nallapaneni NN, Muthulingam D. Liver abscess
caused by Klebsiella pneumoniae in the absence of hepatobi-
liary disease[ J]. Cureus, 2022, 14(9) . e29789.

Bassetti M, Echols R, Matsunaga Y, et al. Efficacy and safe-
ty of cefiderocol or best available therapy for the treatment of
serious infections caused by carbapenem-resistant Gram-nega-
tive bacteria ( CREDIBLE-CR): a randomised, open-label,
multicentre, pathogen-focused, descriptive, phase 3 trial[ J].
Lancet Infect Dis, 2021, 21(2). 226 — 240.

SRAE, WIAT AL, SRTEMR. 48, 2023 4 CHINET [ 40 1 fiif 25
WEMLT . o U ST e 2024, 24(6) 2 627 — 637.
Guo Y, Hu FP, Zhu DM, et al. Antimicrobial resistance pro-
file of clinical isolates in hospitals across China: report from
the CHINET Antimicrobial Resistance Surveillance Program,
2023[J]. Chinese Journal of Infection and Chemotherapy,
2024, 24(6): 627 = 637.

4 [ 40 T 2 W L 4 R T AR S T 24 I A v TR BN
BU P 245 0 SO LT 24 LR AR IE R L. ARG g
B2, 2024, 47(6): 629 — 638.

China Antimicrobial Resistance Surveillance Network. Natio-
nal study on the antimicrobial susceptibility, resistance mecha-
nisms, and molecular characteristics of carbapenem-resistant
Klebsiella pneumoniae [ J]. Chinese Journal of Laboratory
Medicine, 2024, 47(6): 629 — 638.

Lei TY, Liao BB, Yang LR, et al. Hypervirulent and carba-
penem-resistant Klebsiella pneumoniae ; a global public health
threat[ J]. Microbiol Res, 2024, 288; 127839.

CLSI. Performance standards for antimicrobial susceptibility
testing: M100 33rd Edition[S]. Malvern, PA, USA: CLSI,
2023,

TEEFEEE SR EY 2, ElRTEESRBEYE
Borss, RigMMAY =S mRBEY =L LR 2.
T I 5% T8 TR A B S A R e R AL LT DL b AR e R A A
. 2023, 46(11): 1164 — 1172,

==
15 B

Laboratory Medicine Branch of Chinese Geriatrics Society,
Shanghai Society of Laboratory Medicine, Clinical Microbiolo-
gy Division of Shanghai Society of Microbiology. Expert con-
sensus on laboratory testing for hypervirulent Klebsiella pneu-
moniae[ J]. Chinese Journal of Laboratory Medicine, 2023, 46
(11): 1164 —-1172.

ke, RSN, B S R B AR RE SR RS %

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

A A PR 4 5 ML F ARG RO [T, R 51097
Zeidi, 2022, 22(4): 463 — 474,

Yu H, Xu XS, Li M, et al. Expert consensus statement on la-
boratory detection and clinical report of carbapenemase among
Enterobacterales (Second edition) [J]. Chinese Journal of In-
fection and Chemotherapy, 2022, 22(4): 463 — 474.

Xie JM, Chen YR, Cai GJ, et al. Tree visualization by one ta-
ble (tvBOT): a web application for visualizing, modifying and
annotating phylogenetic trees[J]. Nucleic Acids Res, 2023,
51(W1). W587 - W592,

Gurwitz D. Whole-genome sequencing for combatting antibio-
tic resistance[ J]. Drug Dev Res, 2019, 80(1): 3 - 5.

Sui W], Zhou HJ, Du PC, et al. Whole genome sequence re-
vealed the fine transmission map of carbapenem-resistant
Klebsiella pneumoniae isolates within a nosocomial outbreak
[J]. Antimicrob Resist Infect Control, 2018, 7: 70.

20k BRSO I 08 e B AE B AN T 24 A0 5 1 43 AT N 2
FRAEABTLDL. oM TN BERR R, 2022,

Peng C. Molecular epidemiological features of resistance and
virulence in carbapenem resistant Klebsiella pneumoniae[ D].
Guangzhou: Guangzhou Medical University, 2022.

BRFH . mBEAR, RIARIR, . EAE WBO0 B T kB 0 28 A%
s T A SRR L], b B e s i e Rk, 2025, 24
(1) 77 — 84.

Chen X, Gao XD, Zhou CM, et al. Colonization and transmi-
ssion of carbapenem-resistant Klebsiella pneumoniae in inten-
sive care unit[J]. Chinese Journal of Infection Control, 2025,
24(1): 77 — 84.

ZRIRIEL 0L S B T A I ST 24 i 48 v A T T 25 03 TR
AE KB 13T [D] KM BN R, 2020.

Li LY. Molecular characteristics and virulence analysis of car-
bapenem-resistant Klebsiella pneumoniae of bloodstream in-
fection[D]. Zhengzhou: Zhengzhou University, 2020.
PREROC, E5EF, RIL S Mok &6 2800 R o0 B 0 W Xk
E{OR {10y e S N e R 0 I B el == B B o P
2024, 23(11) . 1365 - 1372.

Chen XY, Wang ZL, Song S, et al. Mechanisms of resistance
to ceftazidime/avibactam of carbapenem-resistant Klebsiella
pneumoniael J]. Chinese Journal of Infection Control, 2024,
23(11) . 1365 - 1372.

EII, SO BT TR T B 2 R 5 A A B e R
Yo T M BRI s LT ). P LA R AR, 2020, 45
(5): 428 = 432.

Wang SS, Wu ZW, Zhao JP. Advances in research on nosoco-
mial infection, drug resistance and treatment of carbapenem-
resistant Klebsiella pneumoniae[ ]J]. Chinese Journal of Anti-
biotics, 2020, 45(5) . 428 — 432,

PR, TR, BEEAE. % HON R = B 4 b 2B Ak
T B I S8 3 T A0 T I PR 43 A B 25 vk A A LT 1. o ke
SR 7 e, 2021, 21(4); 449 - 455,

Jiang XY, Wang DL, Wei LH, et al. Distribution and antibio-

tic resistance profile of the carbapenem-resistant Klebsiella



[19]

[20]

[21]

[22]

[24]

1376 -

Hh IR ek e 2 il A A 2025 4 10 A 5 24 5 10

Chin J Infect Control Vol 24 No 10 Oct 2025

pneumoniae isolated from inpatients in a tertiary hospital in
Gansu[ J]. Chinese Journal of Infection and Chemotherapy.
2021, 21(4) . 449 — 455,

Jete b, BRO5 A XGEF] . S5, P E 20172019 AR k7 R 4R
i 4 e T 0 T I 24 B TR B AT s R AELT ]. o U e A
ZeE, 2021, 20(11): 1008 — 1015,

Long HJ. Qiu FH, Liu DL, et al. Resistance genes and preva-
lence clone characteristics of carbapenem-resistant Klebsiella
pneumoniae in China from 2017 to 2019[J]. Chinese Journal
of Infection Control, 2021, 20(11): 1008 = 1015.

Hu FP, Pan YQ, Li H, et al. Carbapenem-resistant Klebsie-
lla pneumoniae capsular types, antibiotic resistance and viru-
lence factors in China: a longitudinal, multi-centre study[]J].
Nat Microbiol, 2024, 9(3). 814 — 829,

Shi QC, Ruan Z, Zhang P, et al. Epidemiology of carbape-
nem-resistant Klebsiella pneumoniae in China and the evolving
trends of predominant clone ST11; a multicentre, genome-
based study[J]. ] Antimicrob Chemother, 2024, 79(9); 2292 —
2297.

IR, R . KER, SF. BT S ST 2 I 4% o TR 0 B
B ARFAERR I BT FE [T, h AR BI B2 2k, 2024,
58(9) . 1372 - 1378.

Li L], Yuan ZY, Zhang L, et al. Genomic characterization
and cluster analysis of carbapenem-resistant Klebsiella pneu-
moniae[ ]J]. Chinese Journal of Preventive Medicine, 2024, 58
(9): 1372 -1378.

FEFFEY , MEHLSS . MM, S CRKP i i 8% fa B 5 2 it
2 KB RRAELT ] AR R B e 2E AR, 2021, 31(22)
3361 — 3365.

Du FL. Mei YF., Wei DD, et al. Risk factors for CRKP blood-
stream infection, drug resistance and virulence characteristics
[J]. Chinese Journal of Nosocomiology, 2021, 31(22): 3361 —
3365.

WL, BTEET, A, SEL )R b DX B T A 2R e
T AA G 25 0 4 F AT R AE LT D e R Bl e 2 2%

[25]

[26]

. 2022, 32(6): 813 —818.

Huang JM, Ke BX, He DM, et al. Drug resistance and mole-
cular epidemiological characteristics of carbapenem-resistant
Klebsiella pneumoniae in Guangdong[J]. Chinese Journal of
Nosocomiology, 2022, 32(6): 813 — 818.

REILHT . BEARAG, BhatbE, G5 LT AR L 4 BT I R v T
AF BT 2450 5 R AT e 2 R AE S B LD 0L i R AG 38 A4 3K, 2022,
40(8): 582 —588.

Xiong LX, Huang ZW, Zhong JH, et al. Drug resistance and
epidemiological characteristics of Klebsiella pneumoniae based
on whole genome sequencing analysis[ J]. Chinese Journal of
Clinical Laboratory Science, 2022, 40(8); 582 — 588,

XAl 2N, B3], . 2020—2022 4R [ 4 A R B #
3 Tk Ak 7 B 0 SN 9 5 B AR 40 AT SRR AERF R LT .
T BE2F 48, 2023, 57(8): 1222 — 1230.

Liu XW, Li DZ, Hu Y, et al. Molecular epidemiological chara-
cterization of hypervirulent carbapenem-resistant Klebsiella
pneumoniae in a hospital in Henan Province from 2020 to 2022
[J]. Chinese Journal of Preventive Medicine, 2023, 57(8):
1222 - 1230.

CAR 3 8 258D

A5 AR e e, L B Al AF . B T A D2 I O i gk
T S M R T A BRI AT 2 R AL 5 T 25 2 55 ) BT O

[J1.

rp [ AR Y I 2% 7L 2025, 24 (10) : 1367 — 1376. DOI: 10.

12138/j. issn. 1671 — 9638, 20252389,
Cite this article as ; RAO Yuting, JIANG Lei, GE Ru, et al. Epi-

demiological characteristics, antimicrobial resistance genes, and

virulence genes of carbapenem-resistant Klebsiella pneumoniae : a

study based on whole genome sequencing[J]. Chin J Infect Con-
trol, 2025, 24(10): 1367 — 1376. DOI. 10. 12138/j. issn. 1671 —
9638. 20252389,



