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[Abstract] Objective To explore the clinical characteristics, antimicrobial resistance, virulence and molecular epi-
demiology characteristics of carbapenem-resistant hypervirulent Klebsiella pneumoniae (CR-hvKP). Methods Car-
bapenem-resistant Klebsiella pneumoniae (CRKP) strains isolated from clinical specimens in a tertiary first-class
teaching hospital from 2018 to 2021 were collected. ST11 CR-hvKP strains were screened through the detection of
antimicrobial resistance genes and virulence genes as well as multilocus sequence typing (MLST). Basic clinical in-
formation, antimicrobial resistance genes and virulence genes were analyzed. Twenty-three strains of ST11 CR-
hvKP were randomly selected for virulence phenotype analysis; 45 strains of CR-hvKP were randomly selected for

homology analysis by pulsed-field gel electrophoresis (PFGE). Results There were a total of 124 clinically isolated
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strains of ST11 CR-hvKP from 2018 to 2021, mainly from the department of neurosurgery (33.87%). The major

specimen source was sputum (56.45% ), the average age of infected patients were (55.2 £ 16. 4) years old, and the

majority were male patients (77.42%). Antimicrobial susceptibility testing results showed these strains were resis-

tant to most clinically commonly used antimicrobial agents. Virulence detection showed that virulence varied among

these strains. but most of them were hypervirulence strains. PFGE analysis results showed that the strains were

mainly subtype A1(63.4%). Conclusion ST11 CR-hvKP presents multidrug resistance and hypervirulence. Clonal

transmission of some strains exists in this hospital, which poses great challenges for clinical anti-infection treatment

as well as prevention and control. It is necessary to strengthen the prevention and control of healthcare-associated

infection.
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HUH 254 fiit 2 H4 Uk EIN:ESL] [GE] B UK
R VEAR/ & I 100 0 0 JE A 1T 100 0 0
IR 75 AR/ it s E2L 4L 100 0 0 Fl >k & 2 62.9 0 37.1
Sk 701 g Ak 100 0 0 Pk E 62.1 0.8 37.1
Sk Al 100 0 ¢ BT 64.5 16.9 18.6
AL 100 0 0 I E 21.0 17.7 61.3
Sk f 0t 5 100 0 0
S/ B 2 4 1.3 0 88.7 25l 100 0 0
A - 0 . BN RO 100 0 0
W e 35 7l 100 0 0 25 T e P T e 81.5 0 18.5
B 100 0 0 R R 4.9 0 95. 1

F 2 ST11 A CR-hvKP B Bk ifif 245 3 L35 7 5 B R s 00
Table 2 Detection results of drug resistance genes and viru-

lence genes in ST11 CR-hvKP strains

HEP K 80 () Kt 2 (00
i 25 & H

Tk 7 ‘25 0 Tl i (R

blakpca 124 100

blaxpm 7 5.65

blapm 0 0

blaviv 0 0

blaoxa-4s 0 0
PMQR J& [

qnrS 101 81. 45

qurA 2 1.61

qurB 1 0.81

acc(6”)-1b 61 49.19
B- P e g ik (K1

blasnv 116 93.55

blatem 96 77. 42

blactx-m 95 76.61
S BT 16 T Al B PP e Al TR

rmtB 59 47.58

armA 7 5.65

EHNEHR

rmpA2 124 100
silS 124 100
terW 124 100
tutA 124 100
mrkD 123 99. 19
rmpA 53 42.74
tucA 119 95. 97
iroB 0 0
iroN 72 58. 06
peg-344 84 67.74

PR SIE S I35 20 T Ol K64, SRR 22 B4 i 1y 22 X
rm p A2 FRAEIR GE A O KL N si 1S W R B Tk
ter W SFF I 2R R 30 8 A g i 2K T e A O
HR N 100% . 3 BUE B R R Z AR H mrkD,
CPS Gl 15 R rmp A SRR R GEAH 5 Fk A
iucA.iroB.iroN, N E 5 iz & [ 9 15 3L [ peg-344
B SR K 24 R 99, 19% L 42, 74 % .95, 97 % |
0.58.06% .67.74% , WL 2,

2.3.2 HFAXRARE k-5 ST11 A
CR-hvKP W& Pk )RR B HL PR L 5 23 #RiE 4T
A FRBRE, BFE KB, 23 #k ST11 I CR-hvKP
PRI AT AR R, o 5 BR AR C+ ), 3 BRh
SEPHPECH+) 15 BRERFAME C+++) WK 3, 1M
bR I8 45 0 %, 11 R BR Bk 2 B A R R
S ME (5 Gl 6 Z) .2 PRIyl i A Oy v R R
(3 a4 9,10 #k 2R B IS A4 U (1 sl
290, AL KP B8 31 1, R AT K I 05 &)y 1l Jgk
Yeial g0 50 UE B RR B 7 3 FF R I 4y Rk e i) o 0K
He i (LD50) 2 il Ji % B2 73 A B 25 R s, ST11 5
CR-hvKP B #foxr K 5 41 du i) 1g(LD50) Jy 4. 062~
6.987 CFU/mg,ST11 % CR-hvKP 15 #k & £ %K
R TR AR DR 4,

2.4 RFlRMESH  NiE— D HE ST B CR-
hvKP Btk AP 45 ¥R B AR E 1T PEGE [W) 3
PESIHT - NTSYS 843 A 15t 3RS 1 B Al [] 2%
90 % A I R R 50>0. 90) 1Y B8 bR 0 A [a] — 47 70,
WF 5% 45 5 7R . 45 #k ST11 B CR-hvKP Bk 1l 43 K
ARI(41 BR,91.1%) . C B3 Fk.6.7%) B AL (1 k.,
2,293 ARG, A R Ry BRG], AT — 250 R
A1 H(63.4%) A2 BI(7.3%) A3 #1(9.8%) A4
A(17.1%) A5 B2, 4 %) AR, LA 5,



« 34 . YL s 24 A 2025 45 1 H A 24 455 1 ) Chin J Infect Control Vol 24 No 1 Jan 2025
1.5 =
1.0 =4
=
o
0.5=
0_
IB1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 212223’7,me(
&
%“&
LS
LBy LB AS: 77 55 (25 (A% #8) . NTUH-K2044 2 HvKPCFHPERT 8D .
3 23 #k ST11 2 CR-hvKP G #% i) A 4 e o o A 1AL
Figure 3 Quantitative distribution of biofilm of 23 ST11 CR-hvKP strains
04 3 it
0.3
i Z A 17 543 B (multilocus sequence typing,
5202 " § . §
& MLST) J& —F 3 T AR 5 51 22 1) 240 B 53 B 75 v .
0.1 MLST 4 Fe v KP /)7 51 43 B0 & DY T 4 Flrs
. ST258 R ERKE M X KP (1) FEE R AT wbErk . 3
4 5 6 7

1g(LD50) (CFU/mg)

4 23 ¥k ST11 % CR-hvKP B Ak Xt K I 5 4 H 1g (LD50)
% o3 A &
Figure 4 1.D50 density distribution of Galler mellonella lar-
vae of 23 ST11 CR-hvKP strains

f4 MLST Clade

R
7%
7
"
%
3
i
7
I
SRR
7
5

e

182 B
1l

#*

il
A5
i

41

086 090 093 097 100 PFGE 4
Coefficient

5 45 %k ST11 B CR-hvKP [ bk i 2R 26 0 H7 Sl IR A5 6L
Figure 5  Cluster analysis and clinical infographic of 45

ST11 CR-hvKP strains

B 32 B AT s bR o ST11 BID7 0 AR fF 5% &
B, CR-hvKP @k ST11 % 5 1 91.85% .44 H
ATE N KP JATRRE . JERE 242 KP 806 A %
Z— MY R 2R KP W] 43 F D 78 Fp e
JBE 1M 37 (KL B, R [A] KL 40 BAR e AR [ B 0 5k L
T 5 EE ) R IM LR KL 43 B E 2 K1, K2,
ST11 B A% 52 % W KL 43 %1 2 Koe4 K470
ARWFFEH 4B i ST11 8 CR-hvKP ¥ % K64, 1] I,
Ko4 HA Bom iy se et # ae 1. ABF5 . ST
7 CR-hvKP B kA 0 B % DU SR O 3 i
KR F BN IRARAS L LR N I TR bR A 5 8% S8 3 LA
AR M . DR I L A T R G R T g
& ST11 %I CR-hvKP T #R YL 1 & e £

HEBRMAERAA RGN ESEME, HikS
PBP1.PBP2 45 4 1y B4 1 ¥ i 2 B RE ) 1% 1Y Bt
HERZ— )1z B I R #5 F E E R TR YT
Wi 5 B TR 24 400 1) T P R e R O ) R B, 22 T
G %, CRKP Ky 3R AR 1 & , HRTC sk
P2 g Sk e 1) B B0 JRLAA Y . KPR A o 2 2 1 T 24
BIL A 7 A 470 08 24 00 K A TG ok 7 8 0 AR Ok L o
1) —Fofr o L 3 BRI A AR F TR s e A b L5 it
AR BB R TT G #E . S R F E MBI AER R L
THPER



[ RGP i 24 7 2025 4E 1 H A5 24 %55 1] Chin J Infect Control Vol 24 No 1 Jan 2025 e 35 .

AHIE 5T 25 B 45 5 R, ST11 B CR-hvKP [ Bk
X Bl 7 B 0 AP R AT 245 283K 1000 BRBG A &K .
LA nE /P B BN R KK ER ZAER
FBAT AR B RIS, FOXE I PR B R BT 5 24 4 36 B0 A
AT 25 % (>80 20) , iX 5 Z A fig 85 ) CR-hvKP
HA Z i 25 55tk — 8. AR5 H ST11 7 CR-
hvKP T bk X #5017 blaxec, HE P [R]85 717 9600 15
TR 245 B P I Je 2JS T 245 5 R 2l R M 16 i Tilg B PR
TRl R . X AT RE 5 0k 5 00 W 1 7 A LB IR 25 )
B0 R AL R R AR W R B B A HE SR Y
EFRIRH —ERFR, W[ H,ST11 % CR-hvKP ##kHE
B 2 E A 25 1k S 2 A AL S R E Y
T g I S T 24 e R B JHC At Tt 2 5 PR A% R AH 01

REFEAF 755 Nl KP il £ 5 i 24 35 8 70 s i
NFER AR REES, HEFkR, A CR-hvKP
R RR BRI i T8 R O 3R TR it 2 R R AE KP
T s & Rk IRE X — %W AP . CR-hvKP
M HEAL P A = AN D7 - ST23 A hvKP 3115 #;
B T B M 2 T 2 0k R A JBORLS B g kT
75 S BRI K F 5 % & ST11 A CRKP2Y, KP 3k
190 T B M ST 24 R 5 1 ) R ILE R G
JRE HEAHESE 43 B ) ST11 A CR-hvKP [
PR 3 B 6 1R D OB Y KO A B 1

ST11 % CR-hvKP B ¥k & A 75 ) kL, HoA ik
Bk VR B XL B 04 g 0 RS R 2 s G AR
#ER A AEE ) X 5 hvKP Wk & A pLVPK 5§
pLVPK FE# 7 ki A" . ARBFSE & B, ST11
Al CR-hvKP 75 ¥ 8 77 A OC B Bl mrkDrmp A
peg-344 . iroN iroB £t Z & w5 i ] fE 5 H = 7
JIREHEAR DG . RO B8 4y o s e 0 2 PP Al KPR ik
B 09 LG 38 2k X 4y O S R WS T S
S 75 PR A28 S 7 B R A R AR BB T, AT L A T R
BEAIP L B R M Ay R ) LD50 2 i B
A R B AW ST ST11 A CR-hvKP B #% (19 3¢
NAFEZE S A RZ m i I Wbk, 74b. 5 KP &
JIRTIAA I B R R & A A W BE 1) Be 1 R I v Bt
PE. AEWIEEIE A B T KP W R 2 Fh i 24
1B A DT B G b S R T 45 R T A AR
B ARBESEH R ST11 A CR-hvKP B ¥k 2
AITE JAE W s KR 43 B bk RT OB 8 A (E Y A
PR A2 T S50 TR A A% A L 4 S BE SRR e B Bl ok B
KRB

g%t ST11 % CR-hvKP i #k i PFGE [a] I ¥
3T R R FEE S 3 B LA B Oy

P 91,1 060)  H B A SR 11 BB AR g B A% 4% 7 [ i
A ARGF (4 PR B 0E N RE . dr kel BLL ST11 B CR-
hvKP bk AT 7E B2 e 4 2 A7 o B % 4 - 22 JE T 2
A5 75 1 R R 4 i PR PR AR T A R T B R Bk
5 T 58 IR e ek e By s 3 A JE B

UERT I I LT

(& % x k]

[1] Shon AS, Bajwa RPS, Russo TA. Hypervirulent (hypermu-
coviscous) Klebsiella pneumoniae : a new and dangerous breed
[J]. Virulence, 2013, 4(2): 107 — 118.

[2] Wang JH, Liu YC, Lee SS, et al. Primary liver abscess due to
Klebsiella pneumoniae in Taiwan[]]. Clin Infect Dis, 1998,
26(6): 1434 — 1438,

[3] Chen L, Mathema B, Chavda KD, et al. Carbapenemase-pro-
ducing Klebsiella pneumoniae : molecular and genetic decoding
[J]. Trends Microbiol, 2014, 22(12); 686 — 696.

[4] LeeCR, Lee JH, Park KS, et al. Antimicrobial resistance of
hypervirulent Klebsiella pneumoniae : epidemiology, hyperviru-
lence-associated determinants, and resistance mechanisms[]J].
Front Cell Infect Microbiol, 2017, 7. 483.

[5] Xu YP, Zhang JF, Wang M, et al. Mobilization of the non-
conjugative virulence plasmid from hypervirulent Klebsiella
pneumoniae J]. Genome Med, 2021, 13(1) 119,

[6] Gu DX, Dong N, Zheng ZW, et al. A fatal outbreak of ST11
carbapenem-resistant hypervirulent Klebsiella pneumoniae in a
Chinese hospital: a molecular epidemiological study[]J]. Lan-
cet Infect Dis, 2018, 18(1): 37 — 46.

[7] Yang XM, Xie MM, Xu Q. et al. Transmission of pLVPK-
like virulence plasmid in Klebsiella pneumoniae mediated by an
Incll conjugative helper plasmid[ J]. iScience, 2022, 25(6):
104428,

[8] Wei DD, Wan LG, Yu Y, et al. Characterization of extended-
spectrum beta-lactamase, carbapenemase, and plasmid quino-
lone determinants in Klebsiella pneumoniae isolates carrying
distinct types of 16S rRNA methylase genes, and their associa-
tion with mobile genetic elements[ J]. Microb Drug Resist,
2015, 21(2): 186 —193.

[9] Gao QQ. Shen Z, Qin JX, et al. Antimicrobial resistance and
pathogenicity determination of community-acquired hyperviru-
lent Klebsiella pneumoniael J]. Microb Drug Resist, 2020, 26
(10): 1195 = 1200.

[10] Yu FY. Lv JN, Niu SQ, et al. Multiplex PCR analysis for
rapid detection of Klebsiella pneumoniae carbapenem-resistant
(sequence type 258 [ ST258] and ST11) and hypervirulent
(ST23, ST65, ST86, and ST375) Strains[J]. J Clin Micro-
biol, 2018, 56(9): e00731 — 18.

[11] Wei T, Zou CY. Qin J, et al. Emergence of hypervirulent



« 3G o

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[21]

T R ) A AR 2025 4F 1 5 24 5 1

Chin J Infect Control Vol 24 No 1 Jan 2025

ST11-K64 Klebsiella pneumoniae poses a serious clinical
threat in older patients[J]. Front Public Health, 2022, 10;
765624,

Tang N, Li Y, Yao SG, et al. Epidemicity and clonal replace-
ment of hypervirulent carbapenem-resistant Klebsiella pneu-
moniae with diverse pathotypes and resistance profiles in a hos-
pital[J]. J Glob Antimicrob Resist, 2023, 32. 4 - 10.

Liu ZY, Wang ZQ, Lu XY, et al. Structural diversity, fitness
cost, and stability of a Blanpwm 1-bearing cointegrate plasmid in
Klebsiella pneumoniae and Escherichia coli [J]. Microorga-
nisms, 2021, 9(12) . 2435.

Firoozeh F, Mahluji Z, Khorshidi A, et al. Molecular charac-
terization of class 1, 2 and 3 integrons in clinical multi-drug re-
sistant Klebsiella pneumoniae isolates[ J]. Antimicrob Resist
Infect Control, 2019, 8: 59.

McLaughlin MM, Advincula MR, Malczynski M, et al. Quan-
tifying the clinical virulence of Klebsiella pneumoniae produ-
cing carbapenemase Klebsiella pneumoniae with a Galleria
mellonella model and a pilot study to translate to patient out-
comes[J]. BMC Infect Dis, 2014, 14 31.

Tzouvelekis LS, Markogiannakis A, Psichogiou M, et al. Car-
bapenemases in Klebsiella pneumoniae and other Enterobacte-
riaceae; an evolving crisis of global dimensions[ J]. Clin Micro-
biol Rev, 2012, 25(4): 682 —707.

Wang Q, Wang XJ, Wang J, et al. Phenotypic and genotypic
characterization of carbapenem-resistant Enterobacteriaceae:
data from a longitudinal large-scale CRE study in China (2012 —
2016)[]J]. Clin Infect Dis, 2018, 67(Suppl 2): S196 — S205.
Qi Y, Wei ZQ, Ji SJ, et al. ST11, the dominant clone of
KPC-producing Klebsiella pneumoniae in China[ J]. ] Antimi-
crob Chemother, 2011, 66(2): 307 — 312.

Russo TA. Marr CM. Hypervirulent Klebsiella pneumoniae
[J]. Clin Microbiol Rev, 2019, 32(3): 00001 — 19.

Xie MM, Yang XM, Xu Q, et al. Clinical evolution of ST11
carbapenem resistant and hypervirulent Klebsiella pneumoniae
[J]. Commun Biol, 2021, 4(1): 650.

Gomez-Simmonds A, Uhlemann AC. Clinical implications of
genomic adaptation and evolution of carbapenem-resistant
Klebsiella pneumoniae[]]. ] Infect Dis, 2017, 215(Suppl 1) :
S18 — S27.

5 R MEHE 5. X0y, 5. BEf B E ) NDM-1 A4 R
3~ DAY T i I 4 i T 1 W1 119 5k 77 B % 38 BT A R T 24 HL T B 9
(). PR B IE, 2018, 41(1); 29 - 34,

Du FL, Mei YF, Liu PP, et al. Research on the mechanism of
the New Delhi Metallo-B-lactamase-1 possessing Klebsiella

pneumoniae resistant to carbapenems among burn patients[ J].

[23]

[24]

[25]

[26]

[27]

[28]

[29]

Chinese Journal of Laboratory Medicine, 2018, 41(1). 29 —
34.

Mitra S, Mukherjee S, Naha S, et al. Evaluation of co-trans-
fer of plasmid-mediated fluoroquinolone resistance genes and
blaxpm gene in Enterobacteriaceae causing neonatal septicaemia
[J]. Antimicrob Resist Infect Control, 2019, 8; 46.

Liao W], Liu Y, Zhang W. Virulence evolution, molecular
mechanisms of resistance and prevalence of ST11 carbapenem-
resistant Klebsiella pneumoniae in China: a review over the
last 10 years[J]. J Glob Antimicrob Resist, 2020, 23; 174 —
180.

Yan RS, Lu Y, Zhu YW, et al. A sequence type 23 hyperviru-
lent Klebsiella pneumoniae strain presenting carbapenem re-
sistance by acquiring an IncP1 blakpc» plasmid[J]. Front Cell
Infect Microbiol, 2021, 11 641830.

Lan P, Jiang Y., Zhou JC, et al. A global perspective on the
convergence of hypervirulence and carbapenem resistance in
Klebsiella pneumoniae[ J]. ] Glob Antimicrob Resist, 2021,
25: 26— 34.

Bruchmann S, Feltwell T, Parkhill J, et al. Identifying viru-
lence determinants of multidrug-resistant Klebsiella pneumo-
niae in Galleria mellonella[]]. Pathog Dis, 2021, 79(3); ft-
ab009.

Chung PY. The emerging problems of Klebsiella pneumoniae
infections: carbapenem resistance and biofilm formation[ J].
FEMS Microbiol Lett, 2016, 363(20) : fnw219.

Shah RK, Ni ZH, Sun XY, et al. The determination and cor-
relation of various virulence genes, ESBL, serum bactericidal
effect and biofilm formation of clinical isolated classical Kleb-
siella pneumoniae and hypervirulent Klebsiella pneumoniae
from respiratory tract infected patients[ J]. Pol J Microbiol,
2017, 66(4): 501 —508.

RS 5iH H)D

325 A& B G 1S BT P AFL Y0P A DXL £ 1 e
ST BT A5 75 B S 185 25 7 il 5 3 3 11 181 19 20 3 JAT i =7 B 92

(Il

v ] JER e 8 4l 2% 7. 2025, 24 (1) : 30 — 36. DOI: 10. 12138/j.

issn. 1671 — 9638. 20255445,
Cite this article as: HUANG Shanshan, SHI Bowen, WEI Dan-

dan, et al. Molecular epidemiological study on ST11 carbepenem-

resistant hypervirulent Klebsiella pneumoniae in a general hospital
in Jiangxi Province[ J]. Chin J Infect Control, 2025, 24(1); 30 —
36. DOI: 10.12138/j. issn. 1671 — 9638. 20255445,



