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[Abstract] Objective To analyze the molecular epidemiological characteristics of carbapenem-resistant Klebsiella
pneumoniae (CRKP) in a hospital in Hainan Province, explore the differences in the distribution of resistance genes
and virulence factors between hypervirulent CRKP (hv-CRKP) and non-hv-CRKP, analyze the clinical significance,
and provide basis for optimizing treatment and prevention strategies. Methods CRKP strains isolated from a hospi-
tal in Hainan Province from July 2023 to June 2024 were collected retrospectively. Their resistance phenotypes were
detected by antimicrobial susceptibility testing. Carbapenemase genes (KPC-2, NDM-1, IPM) and virulence factors

GmpA/rmpA2, iucA, iroB, etc.) were detected by polymerase chain reaction (PCR). Department source, speci-
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men distribution, and resistance-virulence characteristics were analyzed. Results

A total of 76 strains of CRKP

were isolated, with an overall isolation rate of 7. 7% (76/985). The strains were mainly distributed in the intensive

care unit (ICU) (28.9%) and neurosurgery ICU (23, 6%) . with the highest proportion of strains isolated from re-

spiratory tract specimens (60.5% ). The resistance genes were mainly KPC-2 (72.4%) and NDM-1 (21.1%), and

the virulence factors mrkD (type [ pili, 85.5%) and fimH (type 1 pili, 84.2%) were commonly presented.
Among 76 strains of CRKP, 39 strains (51.3%) met the criteria for hv-CRKP and all carried KPC-2 gene (100%).

The detection rates of resistance genes and virulence factors rmpA2 (97.4%), iucA (100%), and iroB (89.7%)
were all higher than those of non-hv-CRKP strains (KPC-2, 43.2%; rmpA2, 0; iucA, 8.1%; iroB, 13.5%).

The main characteristics of hv-CRKP was the combination of KPC-2 resistance gene and rmpA2 + iucA + iutA +

iroB virulence factors (64.1%). Antimicrobial resistance phenotype of hv-CRKP was different from non-hv-CRKP.

hv-CRKP presented higher susceptibility rates to aminoglycosides and compound sulfamethoxazole than non-hv-

CRKP. Conclusion The proportion of hv-CRKP and non-hv-CRKP strains in this hospital is comparable. hv-CRKP

is characterized by carrying the KPC-2 resistance gene in combination with rmpA2 + iucA + iutA + iroB virulence

factors, and the proportion of strains carrying multiple virulence factors is higher than that of non-hv-CRKP. Both

are generally resistant to g-lactams and quinolones. hv-CRKP has lower resistance rates to aminoglycosides and com-

pound sulfamethoxazole than non-hv-CRKP. Its advantage of aminoglycoside susceptibility provides a new treatment

option. It is recommended to guide differential medication through molecular typing and strengthen infection control

measures in ICU to curb the spread of antimicrobial-resistant bacteria.
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Table 1  Primers and amplification product size of CRKP re-

sistance genes

&2 CRKP#HJHEFII " R PR/

Table 2 Primers?"') and amplification product size of

CRKP virulence factors

314 4 B SI¥FHI(57 =37) FEH R (bp)
K1-F GTAGGTATTGCAAGCCATGC 1 046
K1-R GCCCAGGTTAATGAATCCGT
K2-F GGAGCCATTTGAATTCGGTG 1121
K2-R TCCCTAGCACTGGCTTAAGT
K5-F TGGTAGTGATGCTCGCGA 280
K5-R CCTGAACCCACCCCAATC
K20-F CGGTGCTACAGTGCATCATT 741
K20-R GTTATACGATGCTCAGTCGC
rmpA-F ACGACTTTCAAGAGAAATGA 535
rmpA-R CATAGATGTCATAATCACAC
rmpA2-F CTTTATGTGCAATAAGGATGTT 447
rmpA2-R CCTCCTGGAGAGTAAGCATT
MrkD-F CCACCAACTATTCCCTCGAA 240
MrkD-R ATGGAACCCACATCGACATT
fimH-1-F ATGAACGCCTGGTCCTTTGC 688
fimH-1-R  GCTGAACGCCTATCCCCTGC
iucA-F CTCTTCCCGCTCGCTATACT 116
iucA-R GCATTCCACGCTTCACTTCT
tutA-F AATCACCTGGGGGCTGGATGCT 683
tut A-R CCGCACCTTCCACGCCGTAAAT
iroB-F CCGCAAAGAGACGAACCGCCTT 546
iroB-R CGGGCAATCCCCGCTTTGACTT

514 4 FIMIFHIG =37 P K B (bp)
NDM-1-F  CAGCACACTTCCTATCTC 2920121
NDM-1-R  CCGCAACCATCCCCTCTT
IMP-F TTGACACTCCATTTACTG 1390131
IMP-R GATTGAGAATTAAGCCACTCT
KPC-2-F  ATGTCACTGTATCGCCGTCT 893014)
KPC-2-R  TTTTCAGAGCCTTACTGCCC
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31 985 Bl 48 v B A B, Hvh CRKP 3 76 #
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B 1 #4 CRKP iif 25 5 K s ) B PCR #3879 i ik &

Table 3  Distribution of department sources and specimen
types of 76 strains of CRKP
T H ALY i H MREL (20
BEE A6 FrA 2 Y
F4E ICU 22(28.9) B STER N 46(60.5)
i 28 SR ICU 18(23.6) 1ML 10(13.2)
Pz ICU 12(15.8) R 6(7.9)
JFF JIEL g S0 4(5.3) 51 W 6(7.9)
JLRHE B 4(5.3) 53 W) 4(5.3)
R —IX 4(5.3) JiE 3 2(2.6)
Her=E 12(15.8) I 1 2(2.6)
NDM-1(+) KPC-2(+)
S mm— e e—
893 bp
(bpy M P \ iroB
2 000
| el e L
683 bp 546 bp
Figure 1

Koty fimH-1 3 17 (84, 2%0) s %4 42 thte
iucAiutA T HF (%5 55.3%) . KK H K1,

Electrophoresis results of PCR amplification product of partial CRKP resistance genes and virulence factors

K2 .K5.K20 # A F. Wk 4.

&4 76tk CRKP i 24 & R A2 I3 R 745 1 00

Table 4 Detection of resistance genes and virulence factors of 76 CRKP strains

i H 6 s R K L ACZD) it [ 6t R i (%)
fii 245 Jk R iut A 42 55.3
KPC-2 55 72.4 iroB 40 52.6
NDM-1 16 21.1 rmpA2 38 50.0
IMP 4 5.3 rmpA 8 10.5
HHHET K1 0 0
fimH-1 64 84.2 K2 0 0
mrkD 65 85.5 K5 0 0
iucA 42 55.3 K20 0 0
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2.3 hv-CRKP #=3f hv-CRKP s # LW et 25 £ B . H.,76 # CRKP 1 39 # (51. 3%) } hv-CRKP,37 #
ENBFHHARBHER ETFHEKRZGHR  48.7%) K3 hv-CRKP, FiF5AE CRKP 75 %
¥ P20 R T 25 R LT R R R AE W25 BRI T IR T A AR AN 2 e R L 5.6,

%5 hv-CRKP Mk hv-CRKP i 5 % 4 i 25 2 4 35 ) [ 7 0 16

Table 5 Distribution of carbapenem-resistant genes and virulence factors in hv-CRKP and non-hv-CRKP

Tt 2 4 (K]
R AR (HMD 2(5.1) 00 W2 25 5 AN W8, TG T AR g 3 3
T B M 24 S
KPC-2 39(100) 16(43.2) KPC-2 /& hv-CRKP ) #%.0> fift 2 3£ [l
NDM-1 5(12.8) 11(29.7) NDM-1 % % I, F3E hv-CRKP
IPM 0C0) 4(10.8) & % B hv-CRKP ## 1PM iiif 24 3£ [

FHETHE
rmpA2 + iucA + iroB 2(5. 1) 00) rmpA2+ iucA + iutA+ iroB
FmpA2 + iucA + iutA 1(2.6) 0C0) ?gf?ﬁlj SRR AL
rmpA2 + iucA+ iutA+ iroB 25(64. 1) 0C0)
rmpA+ rmpA2 +iucA+ iutA+ iroB 8(20.5) 000)

% 6  hv-CRKP 4k hv-CRKP {4 41 25 i 25 5[4k (%0) ]
Table 6 In vitro antimicrobial susceptibility testing results of hv-CRKP and non-hv-CRKP (No. of isolates [ %)

SR VUM /£ B A 39(100) 37(100) Sk TR s 36(92.3) 37(100)
R oL 75 A4/ At s B4 4H 39(100) 37(100) S AT T 38(97. 4) 37(100)
fp >k R A2 3(7.7) 18(48.6)
KAk 39(100) 37(100)
HInHE 000) 1(2.7)
Sk 76 A 39(100) 37(100)

I 75 Tt g Y T s 2(5.1) 23(62.2)
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BRI AEAEFIBURBE ST o rmp A2 Fl rmpA 5 8 5
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rm p A2 SRR L WY B0 I 32 S A 245 7 1
e S 1 .

CRKP #47 Z Fhifd 25 3L R Fn 5 J 7. 9 1
FOAE AR EOR BB 7 . 3 B0 IR IA T I I B R Pk AR
A I, BF 5% 45 M X hv-CRKP () 1 25 #1L ] Fn 5 F1 15
T IAT I E XS G R VR T B A HESE M. /TR
PUE 2596 P 4R (AR o R I 7 o a i 24
DR RN R 7 D7 B W R B 3w R ) R T 2
AR & ISR BUA 280 B7  5 7i

MEFR A EAFPARALEANZ TR

(& % xx #)]

[1] Dong N, Yang XM, Chan EW, et al. Klebsiella species: taxo-
nomy, hypervirulence and multidrug resistance[ J]. EBioMedi-
cine, 2022, 79: 103998.

[2] MHBHEESRFESBREY G54, DBTESSBREYS
BHoroe . BT W2 4 I IR M"”#’J{‘#lk? -
I 4 B THA A S 5 A A T AR LT o AR R B R A
. 2023, 46(11): 1164 - 1172,

>

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-
moniael ] |. Chinese Journal of Laboratory Medicine, 2023, 46
(11): 1164 —-1172.

[3] Liao WJ, 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]. ] Glob Antimicrob Resist, 2020, 23, 174 —
180.

(4] EZZ B THEM . S5 SR ) SRR AL 3 R 4 v A

W ERERREE DRI 25 M g BT L) ], P AR IR B 2o kL 2016,
39(4): 286 — 290.
Wang LH, Wei DD, Wan LG, et al. Report of hypervirulent
capsular serotypes of Klebsiella pneumoniae clones groups
with enhanced virulence and antimicrobial resistance[ J]. Chi-
nese Journal of Laboratory Medicine, 2016, 39 (4). 286 —
290.

[5] Merlet A, Cazanave C, Dutronc H, et al. Primary liver ab-
scess due to CC23-K1 virulent clone of Klebsiella pneumoniae
in France[ J]. Clin Microbiol Infect, 2012, 18(9). E338 —
E339.

[6] LiLL, LiS, Wei XZ, et al. Infection with carbapenem-resis-
tant hypervirulent Klebsiella pneumoniae : clinical, virulence
and molecular epidemiological characteristics[ J]. Antimicrob
Resist Infect Control, 2023, 12(1): 124.

[7] Zhang YW, Zeng ], Liu WE, et al. Emergence of a hyperviru-



(8]

[9]

[10]

[11]

[12]

[13]

[14]

1228 -

o R P 2 35 2025 4F 9 H A5 24 4 9 I

Chin J Infect Control Vol 24 No 9 Sep 2025

lent carbapenem-resistant Klebsiella pneumoniae isolate from
clinical infections in China[J]. ] Infect, 2015, 71(5);: 553 —
560.

Shu LB, Dong N, LuJ, et al. Emergence of OXA-232 carbap-
enemase-producing Klebsiella pneumoniae that carries a
pLVPK-like virulence plasmid among elderly patients in China
[J]. Antimicrob Agents Chemother, 2019, 63(3); e02246 —
18.

Feng Y, Lu Y, Yao ZH, et al. Carbapenem-resistant hyper-
virulent Klebsiella pneumoniae of sequence type 36[ J]. Anti-
microb Agents Chemother, 2018, 62(7): e02644 — 17.

Dong N, Yang XM, Zhang R, et al. Tracking microevolution
events among ST11 carbapenemase-producing hypervirulent
Klebsiella pneumoniae outbreak strains[ J]. Emerg Microbes
Infect, 2018, 7(1): 146.

Tan TY, Cheng Y, Ong M, et al. Performance characteristics
and clinical predictive value of the string test for detection of
hepato-virulent Klebsiella pneumoniae isolated from blood cul-
tures[ J ]. Diagn Microbiol Infect Dis, 2014, 78(2): 127 —
128.

HWe, B, AR, A blaxom 1 FZ T 25 1 AT TR 40 1A 1
Rl g7 G200 T, o I I PR 25 BE 2% 2% 3. 2010, 26 (1) 845 —
848.

Zheng B, LvY, Li Y. Scheme for detection proposal for Meta-
llo-p-lactamase NDM-1-producing multidrug-resistant Entero-
bacteriaceae with blaxpm: gene[ J]. The Chinese Journal of
Clinical Pharmacology, 2010, 26(11): 845 — 848,

Xiong JH, Alexander DC, Ma JH, et al. Complete sequence
of pOZ176, a 500-kilobase IncP-2 plasmid encoding IMP-9-me-
diated carbapenem resistance, from outbreak isolate Pseudo-
monas aeruginosa 96 [ J]. Antimicrob Agents Chemother,
2013, 57(8): 3775 — 3782.

IAPHIT, 2R AR AF. AR s AN R K R I A TR
KPC Ml i 72 (1], E P R Ak 2009, 34(11): 684~
687, 712.

Su DH, Li ML, Jin GY, et al. The analysis on the detection
of and Klebsiella pneumoniae KPC type carbapenemase pro-

duced by Escherichia coli[ ]J]. Chinese Journal of Antibiotics,

[15]

[16]

[17]

[18]

[19]

[20]

2009, 34(11): 684 - 687, 712.

Turton JF, Perry C, Elgohari S, et al. PCR characterization
and typing of Klebsiella pneumoniae using capsular type-spe-
cific, variable number tandem repeat and virulence gene targets
[J7]. ] Med Microbiol. 2010. 59(Pt 5): 541 — 547.

El Fertas-Aissani R, Messai Y, Alouache S, et al. Virulence
profiles and antibiotic susceptibility patterns of Klebsiella
pneumoniae strains isolated from different clinical specimens
[J]. Pathol Biol (Paris), 2013, 61(5): 209 — 216.

WAL, SR, RTELR, 5. 2020 4 CHINET o [ 40 1 iiif 25
ECTD. b RS ST A 2021, 21(4): 377 = 387.

Hu FP., Guo Y. Zhu DM, et al. CHINET surveillance of bac-
terial resistance; results of 2020[J]. Chinese Journal of Infec-
tion and Chemotherapy, 2021, 21(4). 377 — 387.

Zhang R, Liu LZ, Zhou HW, et al. Nationwide surveillance of
clinical carbapenem-resistant Enterobacteriaceae (CRE) strains
in China[J]. EBioMedicine, 2017, 19; 98 — 106.

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.

Liu BM, Shui LL, Zhou K, et al. Impact of plasmid-encoded
H-NS-like protein on blaxpm 1-bearing IncX3 plasmid in Esche-
richia coli[J]. T Infect Dis, 2020, 221(S2). S229 — S236.

AR 3 i 6 5 )

A5 A& AR e SO0, R A5 1 R4S D I Bk T
I IS i 9 B 7 A1 TR TS 24 B 7 ) PR AR i 0 A5 0 e L0 ). o Rk
Pl 24 75,2025, 24 (9) ; 1222 — 1228, DOI; 10. 12138/j. issn. 1671 —
9638. 20252328.

Cite this article as; LI Tianjiao, LONG Wenfang, CHEN Ying,

et al. Characteristics of resistance and virulence factors of hyper-

virulent carbapenem-resistant Klebsiella pneumoniae in Hainan
Province[ J ]. Chin J Infect Control, 2025, 24(9); 1222 — 1228.
DOI: 10.12138/j. issn. 1671 — 9638. 20252328.



