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Colonization and transmission of carbapenem-resistant Klebsiella pneu-
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[Abstract] Objective To explore and analyze the characteristics and transmission routes of carbapenem-resistant
Klebsiella pneumoniae (CRKP) strains in intensive care unit (ICU). Methods From January to October 2023, 17
clinical infection isolates (clinical infection group) ., 5 active screening isolates (active screening group), and 7 envi-
ronmental isolates (environmental group) of CRKP in the liver surgery ICU of a hospital were selected and analyzed
by whole-genome sequencing. The differences in resistance genes, virulence genes, and sequence typing (ST) were
compared, and transmission routes were analyzed based on the phylogenetic tree. Results 29 strains of CRKP car-
ried 4 — 18 resistance genes and 52 — 98 virulence genes, respectively. There were no statistically significant diffe-
rences in genotype distribution of resistance genes, the number of virulence genes, and gene types among three
groups of CRKP (all P>>0. 05). ST showed that 29 CRKP strains mainly consisted of two categories: ST11 and
ST15. Based on the phylogenetic tree constructed from the core genome, there were 7 highly homologous groups of

CRKP. among which 4 groups had clear epidemiological associations. Conclusion CRKP in ICU carries more re-
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sistance and virulence genes, and some strains are highly homologous in ST and phylogenetic tree, which may lead

to cross transmission. In the future, prevention and control measures should be strengthened to reduce the trans-

mission of CRKP.
[Key words |

mission

Tiif Bk 75 %5 4 2 il & 3¢ 8 10 B (carbapenem-re-
sistant Klebsiella pneumoniae , CRKP) & —Fp7F &
[ B AE W 4P 955 B (intensive care unit, ICU) 2
709 25 A B0 B TS5 SO0 B s B g
T IR | B I J25% e R I s TR e A5 IR I AR A M R
1 T CRKP J& 4L i1l R IR YT I A R H ICU i3
BEREERIR L Z IR R 2 n R R AR R R
WG 5 5 22 R B T m & vt S
R - BRSO DL/ - R R AL i
WA KR ICU £ E i 25 B AT i Je £ 7 U
FEUE B T A A T AR | S Al B L iR
PR85 11 TR R S5 A I SR R AL R R it . (™ A
PHAT 34 B SR A 5 i o AN R A i ek 8 12 B J % 11
A DRI S B A 1 A g 0 9 D AT P R Ok TN A% 1
WAL IRy 22 H i 24 TR R By 4 B T 1]

LA W A Z TR 5T & B, CRKP 76 15
T8 A JCAE IR A2 AR Ak & CRKP Y pk 7 fE R IR K
53R G R AR AR L R S AR B T 10, 8 4%
I B E AU O WA T XU . SR b AR F
G822 N IRAT I F A L 2 A TR 2 TR [ R X
HE AL R AR BEAT TR A 23 Hr » XF 4% G 5 A 98] 9
LB TATI R ]y 0 W, o B A 42 R AH I P (whole-
genome sequencing, WGS) BB & & . iZ AR\l
JO7FH 00 AT A TR 24 0 TR AT R O B X O O TR A
V] 3% 2 R A 9 R T AR TR AR B R
H WGS $OR iR R 255 BB ICU A7 9 CRKP
TR AR 5 DA KR |l A S e R AR Y = 2R TR AR
IF) A% 4

1 X&5F%

L1 RS R RN ZEHE 2502023 4F1—
10 A, BB BF AR ICU 347 5 38 2 4 = 20 0 A HL
IR W) S0 % S E 19 CRKP BBk ; ©2023 41—
10 A AR ICU 835 1 bs A4S %5 56y BH % ) CRKP
I PR G T 1k s 2023 4 1—6 L JIFAMRE ICU 2k
FRAs oy 1 %58 ) CRKP Btk .

1.2 EHEHFRLE%NE Ff CRKPBEHM -80C

intensive care unit; carbapenem-resistant Klebsiella pneumoniae ; whole-genome sequencing; trans-

RAT 8 T I35 e b 2= AR T P AR L 37 C iR R
Br 3% 24 b fdt HTE 0 B O A R B AT I ] B
AL (MALDI-TOF) 47 1 F %8 %€ . #2958 J5 1
CRKP Gtk T EP B ifil i 1 mL 4R R AW & T
95 CmAAL A K E 30 min, 2% 2 1 A JEEEH 41 0F
FEfL it T WGS,

1.3 WGS #Hfr4s DNA, B 100 ng DNA fifi F
Covaris S2(Covaris, 3£ ED X 5% DNA 3T Wr = 400
bp ZE A B B B, f#i fH NEXTflex™ DNA Sequen-
cing Kit compatible with the Biomek® FXp (Bio
Scientific, 5& ED ## DNA B SCPE A End Re-
pair Reaction Buffer (10X) il End Prep Enzyme
Mix #E47 AR w8 5, e A2 7 R 22°C 30 min; {5
1.4 £ A 1 AMPure XP Beads 4li {tk DNA; fin A
Adenylation Mix, 37 C #4731 A 5L (30 min) ; [
Ligation Mix 1 Adapter,22°C JZ W} 15 min; £ 5/
SERUR 1 A5 R BL AMPure XP Beads 4fifk %497, J:
YIRERl Y& 350 ~ 450 bp DNA K B, B 5. B 10 ng
DNA #4710 MG PCR 91 . PCR J i 5% 14
98 C i 728 M 2 min,98°C 28 ¥ 30 s, 65C B k 30 s,
72 CHEAH 1 min; PCR )% [ 0. 8 f5 AR AM-
Pure XP Beads Zlifb . 55 2445 2 AT 4600 73 (9 SCPE .

i A K 1 DNBSEQ-T7 25 — 48 iy i &
76 347 2 X 100 bp Paired-End M 7%, 3 9k 47 &
JE P8GR BT AR, #1100 A5 8 B L. fE
Linux £ 4t iz 17 SPAdes 2. 0 B4 8 U 5 I bR
FASTQ 45 R PF 8 FASTA 30,

1.4 A5

.41 ZHEFHAL2EMLSD A EEHA %
o5 7 7] 4 A (cgMLST) 240 8 4343 B A0 i3t
RN 2 20 R A 8 LN R CRKP 9 7 X4
HKEH (gapA.rpoB.mdh, pgi, phoE.infB,tonB)
AT e XF . IF 3R 1R £ i T F1 (sequence typing,
ST/ M 45, cgMLST N 4R §& BioNumerics Cal-
culation Engine F Yy Klebsiella pneumoniae %Y #
JE 1k BUAZ O FE A, 3 i ] BioNumerices 7. 0 8 it
TREIIT.

14,2 W25 AR B AT T 24 5 DR 7 2 0 K



R o 2025 4 11 55 24 B 1

Chin J Infect Control Vol 24 No 1 Jan 2025 e 79 .

F ResFinder 4. 1 X FF A7 B Ak I P 25 5 90 47 i 25 2k
PRI 7 0 I S o 0 RO 0 T 24 i PR % HG T
R HEAT R 28 0 M I i VR AR IR 52 BT 24 25k DY A Y
CIE X

1.4.3 & EE A i HIAEZ 3 ) Jk DY B0 dh
(https://cge. food. dtu. dk/services/ VirulenceFin-
der/ ) Ho XS F G 58 FIr A5 AR AS (95 ) BRI

1.4.4 FEELH H CSI phylogeny 1. 4 74 T.
HO B A7 8 kA i B B 0 ] iTOL Chttps: //
itol. embl. de/) X %y th 45 R AT IR HE

1.5 it ot WA SPSS 25. 0 ik 5 ot 47
SRNFGEH AT . THECTERE LU BCR T o K 30 B
Fisher fff UJ#E 3 25, KL P<<0. 05 4 22 R e it 2%

2 H#R

2.1 EWHAASHRST 2023 4110 A, 50 RE
ICU E 85 i 9 7 ¥k CRKP 45K S1~S7(E 3

iAr 40, F AR ICU &35 I 3% 97 40 85 1 19 B
CRKPHIBR [ — B & B Z W5 i 5 b P1~
PO IR G 4l) 52023 4F 1—6 H , iF4MFF ICU 3%
Bibr A B3 9 #k CRKP W45 8 E1~E9(3F
B4D . &85 BKEE R KB, E3.P10,S6,87
W AE CRKP 476 . P15 & 95 28 0 B9 $A2 TE T
W5 Y, 2R alifh 5 B A4 88 JC 43 B 4l ff CRKP
R s DRI e 4 400 N 4 R DR DN 1) T A S B O A A
5 BRI RER YL bk 17 MR ERBE 7 B bk 7 #k, Hoh S3
1 P6 UG F W — B3, S2 F1 P7 RIE T — B
2.2 @HABESA 29 Fk CRKP 45 #E4HF 4~18
i 245 DA o 3= B0 0 A 20 I R JR g 2 B B85 441 B 48
A T 24 25 DR Bt T LA R 11, 4 IR 25 AL 1 %
LN AT 4 Ry 12 R 24 2 HUFN 28 i 245 5 4 A
Ao BR blasuy 1 blaxom i 25 F2 - b . 3 2H B RK 19 T 24
FEF R G o3 A 22 Y G L (F P>0.05),
DR TR K R, E7 5 P13,P8 §
P9,P1.P7 5 S5,P6 5 S2 % 4 2 CRKP 1 25 5t
PR A1 58 4 — 350 DL 1

R 1 340 CRKP i 25 5L R 5 7 53] 43 A

Table 1 Distribution of antimicrobial resistant genes among three groups of CRKP
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Heat map of the distribution of antimicrobial resistance genes in 29 CRKP strains
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Table 3 Transmission routes of 7 groups of homologous CRKP
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